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(54) Error signal detection apparatus and reproduction signal detection apparatus for optical 
recording/reproducing system 



(57) An error signal detection apparatus for an opti- 
cal recording/reproducing system, which includes: a 
photodetector (30) having eight light receiving portions 
arranged in a 2x4 matrix, to separately perform photo- 
electric conversion on light reflected and diffracted from 
the recording medium, where the eight light receiving 
portions include four inner light receiving portions 
(A2,B2,C2,D2) arranged at the center region of the pho- 
todetector, and four outer light receiving portions 



(A1,B1,C1,D1) arranged around the corresponding in- 
ner light receiving portions; and a circuit unit (50) that 
compares the phases of the detection signals of the in- 
ner and/or outer light receiving portions arranged in the 
same row, and outputs a tilt error signal and/or tracking 
error signal from phase comparison signals. Other em- 
bodiments employ other circuit arrangements, including 
using diagonally opposite signal pairs. Tracking and/or 
tilting can be more precisely controlled even for a high- 
density recording medium having narrow tracks. 
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Description 

[0001] The present invention relates to an error signal 
detection apparatus for an optical recording/reproduc- 
ing system, which is capable of detecting a tilting error 5 
signal and/or a tracking error signal, based on the phase 
characteristics of light reflected and diffracted from a re- 
cording medium, with improved accuracy and precision, 
and a reproduction signal detection apparatus for an op- 
tical recording/reproducing system. 10 
[0002] Optical pickups record an information signal on 
or reproduce an information signal from a recording me- 
dium, such as an optical disk seated on a turntable and 
rotating, while scanning the recording medium in the ra- 
dial direction. However, if the rotating optical disk is tilted 15 
with respect to the optical axis, due to bending of the 
optical disk itself or error in loading the disk, degradation 
of a recording/reproduction signal can be caused. 
[0003] When an optical pickup adopts a light source 
which emits a shorter wavelength of light, and an objec- 20 
tive lens having a high numerical aperture (NA), for the 
purpose of increasing recording density, comma aber- 
ration caused by tilting of the optical disk increases, 
thereby further degrading the recording/reproduction 
signal. This is because optical aberration is proportional 25 

to a;(na) 3 . 

[0004] In an optical recording/reproducing system re- 
quired for high-density recording and reproduction with 
a medium, such as a next generation digital versatile 
disk (DVD), so-called high-definition (HD-DVD), which 30 
has been focused on as a future generation high-density 
recording medium, there is a need for a tilt error signal 
detection apparatus capable of preventing degradation 
of the recording/reproduction signal by detecting the de- 
gree of tilting of the disk and correcting for the tilting of 35 
the disk based on the result of the detection. 
[0005] Figure 1 illustrates an example of the optical 
structure of a general optical pickup. A conventional tilt 
error signal detection apparatus is shown in Figure 2, 
which detects tilting of a disk 10 with respect to an ob- *o 
jective lens 7, using a signal detected by a photodetector 
9. 

[0006] Referring to Figure 1, a laser beam emitted 
from a light source 1 for recording and reproducing an 
information signal is incident on an objective lens 7 45 
through a beam splitter 5. The objective lens 7 focuses 
incident light from the light source 1 to form a light spot 
on the recording surface of the disk 10. Light reflected 
from the recording surface of the optical disk 10 passes 
through the objective lens 7, is reflected by the beam 50 
splitter 5, and goes toward the photodetector 9. Refer- 
ence numeral 8 indicates a light sensing lens for con- 
densing light reflected by the beam splitter 5 through the 
objective lens 7 to allow detection of light by the photo- 
detector 9. 55 
[0007] The photodetector 9 includes four divided 
plates A, B, C and D, as shown in Figures 2 and 3, for 
receiving light and performing photoelectric conversion, 



separately, on incident light. The photodetector 9 sums 
and/or subtracts the signals detected by the four divided 
plates A, B, C and D, to detect an information signal and 
an error signal. 

[0008] As shown in Figure 2, the conventional tilt error 
signal detection apparatus includes a photodetector 9 
for use in recording and reproducing an information sig- 
nal, which consists of four divided plates A, B, C and D 
arranged in a 2 x 2 matrix, for receiving light reflected 
by a disk (not shown) and separately performing photo- 
electric conversion on incident light, first and second 
adders 11 and 13 for summing the signals received by 
the divided plates A and D, and the signals received by 
the divided plates B and C, respectively, and a differen- 
tial unit 15 for subtracting the signals from the first and 
second adders 11 and 13, and outputting a radial push- 
pull signal. 

[0009] The radial push-pull signal output from the dif- 
ferential unit 15 corresponds to a tilt error signal. This 
radial push-pull signal can be used as a tracking error 
signal. 

[0010] The tilt error signal output from the convention- 
al tilt error signal detection apparatus is provided to an 
apparatus for adjusting relative tilt between the objective 
lens 7 and the disk 10, and is used in correcting for the 
tilt error by the apparatus. 

[0011] The conventional tilt error signal detection ap- 
paratus has an advantage of a simple configuration. 
However, a tilt error signal is detected by subtracting the 
detection signals of the two groups of the divided plates, 
which face each other on either side of the central axis 
aligned in the tangential direction. For this reason, when 
the objective lens is shifted or when an objective lens- 
to-disk distance is beyond On-focus positions, the tilt er- 
ror signal varies with high sensitivity, and thus it is diffi- 
cult to detect the degree of tilt error with accuracy 
[001 2] On the other hand, when recording information 
on or reproducing information from a disk using the op- 
tical pickup as shown in Figure 1, it is required for the 
optical pickup to accurately trace the tracks of the optical 
disk. To end this, usually the optical pickup employs a 
unit for detecting a tracking error signal from the disk by 
receiving light reflected by the disk after having been 
emitted from the light source. 

[0013] As shown in Figure 3, a conventional differen- 
tial push-pull detection (DPD) type tracking error signal 
detection apparatus includes a photodetector 9 for use 
in detecting an information signal, a matrix circuit 21, 
two high-pass filters HPF1 and HPF2, two pulse shaping 
circuits 23 and 25, and a phase comparator 27. 
[0014] The matrix circuit 21 receives signals a, b, c 
and d, detected by the four divided plates A, B, C and 
D, respectively, and sums the detected signals of the 
diagonally opposite divided plates A and C, and diago- 
nally opposite divided plates B and D, respectively. If a 
light spot is formed beyond the center of the track, a time 
delay or a phase difference occurs between the sums 
(a+c) and (b+d) of the signals. Thus, the amount of 
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tracking error can be identified by detecting the time de- 
lay between these signals, 

[0015] The high-pass filters HPF1 and HPF2 filter off 
a low-frequency component of the sums (a+c) and (b+d) 
of the signals output from the matrix circuit 21 , and pass 
only a high-frequency component. 
[0016] The signals (a+c) and (b+d) passed through 
the high-pass filters HPF1 and HPF2, respectively, are 
converted to pulse signals through the pulse shaping cir- 
cuits 23 and 25. The phase comparator 27 compares 
the phases of the pulse signals, and outputs a tracking 
error signal TES\ 

[0017] The DPD type tracking error signal detection 
apparatus, which employs the four-section photodetec- 
tor 9, is adopted to detect the amount of tracking error 
of the disk in a read only memory (ROM) type disk drive. 
[0018] Meanwhile, as shown in Figure 4A, light re- 
flected by the disk for reproduction, after having been 
focused on the disk, is diffracted into a 0th order diffract- 
ed beam and ± 1st order diffracted beams by pits (P) or 
marks (not shown) formed on the tracks of the disk 10. 
Thus, the photodetector 9 receives the 0th order diffract- 
ed beam and ± 1st order diffracted beams, which over- 
lap each other in the radial direction. Figure 4A illus- 
trates light reflected and diffracted in the radial direction 
from a high-density disk having narrow tracks. This 
shows the case where ± 1st order diffracted beams 
overlap the 0th order diffracted beam, while separated 
from each other according to the width of a pit. The sig- 
nals resulting from the two overlapping portions, i.e., be- 
tween the 0th order diffracted beam and +1st order dif- 
fracted beam, and between the 0th order diffracted 
beam and -1st order diffracted beam, have different 
phase characteristics from the signal resulting from the 
0th order diffracted beam. 

[0019] For a disk having pits or marks with a relatively 
large width, three beams, 0th order diffracted beam and 
+ 1st order diffracted beams, reflected and diffracted 
from the disk, may overlap each other in a portion. In 
this case, the overlapping portion of the three beams, 
and the overlapping portions between the 0th order dif- 
fracted beam and +1st order diffracted beam, and be- 
tween the 0th order diffracted beam and -1st order dif- 
fracted beam, show different phase characteristics. 
[0020] In the case where the disk 10 having narrow 
tracks for high-density recording, as shown in Figure 4A, 
is adopted, along with the reduction of the track pitch, 
for example, the minimum length of the pit (P) and the 
minimum interval between the pits (Ps) become short, 
compared to a general normal density disk (not shown). 
[0021] As the disk 10 rotates, light is continuously ra- 
diated over the pit (P), and the base surface 10a, which 
is between the pits 10. At the time when the light spot 
tracing tracks of the disk 10 lands on both a pit (P) and 
the base surface 10a, interference and diffraction occur 
between light reflected by the pit (P) and light reflected 
by the base surface 10a due to the difference in optical 
paths. As a result, as shown in Figure 4B, 0th order dif- 



fracted beam and + 1 st order diffracted beams are gen- 
erated such that they overlap. 
[0022] Thus, light received by the photodetector 9 in- 
cludes light from a 0th order diffracted beam and ± 1st 
5 order diffracted beams, which overlap in the track direc- 
tion, i.e., in the tangential direction. The phase signals 
in the overlapping portions, i.e., between 0th order dif- 
fracted beam and +1st order diffracted beam, and be- 
tween 0th order diffracted beam and -1st order diffracted 
beam, show different characteristics from the phase sig- 
nal of the pure 0th order diffracted beam. As shown in 
Figures 4A and 4B, the diffracted beams are complexly 
overlapping each other and the photodetector 9 re- 
ceives such complexly overlapping diffracted beams. 
[0023] As for the conventional tilt error signal detec- 
tion apparatus shown in Figure 2, incident light is re- 
ceived by the four divided plates A, B, C and D, and a 
tilt error signal, i.e., a radial push-pull signal, can be de- 
tected from the detected signals. However, the phase 
characteristics of the detected signals are obscured, 
and thus the degree of accuracy in detecting the tilt error 
signals is low. 

[0024] As for the conventional tracking error signal 
detection apparatus shown in Figure 3, the detection 
signals of the two divided plates A and C, and B and D 
in the diagonal direction are summed, so that the phase 
characteristics between the detection signals in the tan- 
gential direction are obscured. Thus, in the case where 
a tracking error signal is detected with the conventional 
tracking error signal detection apparatus shown in Fig- 
ure 3 for high-density recording and reproduction, the 
phase signals in the overlapped portions can act as 
noise. 

[0025] Furthermore, because a high-density optical 
disk has a narrow minimum pit or mark interval, if inter- 
ference due to neighboring pits or marks occurs, the lev- 
el of noise in the tracking error signal can further in- 
crease. 

[0026] Thus, when the conventional tracking error sig- 
nal detection apparatus of Figure 3 is employed in de- 
tecting a tracking error signal from a high-density disk 
having narrow tracks for recording and reproducing op- 
erations, it is difficult to accurately detect the tracking 
error signal due to decreased gain and increased noise. 
[0027] It is an aim of the present invention to provide 
an error signal detection apparatus for an optical record- 
ing/reproducing system, in which a tilt error signal and/ 
or a tracking error signal can be detected, even from a 
high-density disk having narrow tracks, with high accu- 
racy and precision, in consideration of the phase char- 
acteristics of light reflected and diffracted from a record- 
ing medium, and a reproduction signal detection appa- 
ratus. 

[0028] According to the present invention there is pro- 
vided an error signal detection apparatus as set forth in 
claim 1, or claim 28, or claim 34, or claim 35, or claim 
40, or claim 45 appended hereto. Further according to 
the present invention there is provided an apparatus for 
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detecting a reproduction signal, as set forth in claim 51 
appended hereto. Preferred features of the invention will 
be apparent from the dependent claims and the descrip- 
tion which follows. 

[0029] In one embodiment of the present invention, 
there is provided an error signal detection apparatus for 
an optical recording/reproducing system, comprising; a 
photodetector for detecting an information signal by re- 
ceiving light reflected and diffracted from a recording 
medium; and a circuit unit for detecting an error signal 
by processing detection signals received by the photo- 
detector, wherein, when the direction of information 
stream recorded on the recording medium is defined as 
a tangential direction, and the direction perpendicular to 
the information stream is defined as a radial direction, 
the photodetector comprises eight light receiving por- 
tions arranged in a 2x 4 matrix, to separately perform 
photoelectric conversion on light reflected and diffracted 
from the recording medium, wherein the row of the ma- 
trix is parallel to a direction corresponding to the radial 
direction of the recording medium, and the column of 
the matrix is parallel to a direction corresponding to the 
tangential direction, and the eight light receiving por- 
tions include four inner light receiving portions arranged 
at the center region of the photodetector, and four outer 
light receiving portions arranged around the corre- 
sponding inner light receiving portions, and the circuit 
unit compares the phases of the detection signals of the 
inner and/or outer light receiving portions arranged in 
the same row, and outputs a tilt error signal and/or track- 
ing error signal from phase comparison signals. 
[0030] In another embodiment, the circuit unit ampli- 
fies the detection signals received by the inner and/or 
outer light receiving portions arranged in a first diagonal 
direction by a predetermined gain factor, compares the 
phase of the amplified signal with the phase of the de- 
tection signals received by the inner and/or outer light 
receiving portions arranged in a second diagonal direc- 
tion, and outputs a tilt error signal and/or tracking error 
signal from phase comparison signals. 
[0031] The present invention provides an error signal 
detection apparatus for an optical recording/reproduc- 
ing system, comprising: a photodetector for receiving 
light reflected and diffracted from a recording medium; 
and a circuit unit for detecting an error signal by process- 
ing detection signals received by the photodetector, 
wherein, when the direction of information stream re- 
corded in the recording medium is defined as a tangen- 
tial direction, and the direction perpendicular to the in- 
formation stream is defined as a radial direction, the 
photodetector comprises first through fourth light receiv- 
ing portions arranged counterclockwise in order in a 2 
x 2 matrix, to separately perform photoelectric conver- 
sion on light reflected and diffracted from the recording 
medium, the first through fourth light receiving portions, 
wherein the row of the matrix is parallel to a direction 
corresponding to the radial direction of the recording 
medium, and the column of the matrix is parallel to a 



direction corresponding to the tangential direction, and 
the circuit unit compares the phases of the detection sig- 
nals received by the light receiving portions arranged in 
the same row or column, and detects a tilt error signal 
5 and/or tracking error signal from phase detection sig- 
nals. 

[0032] In another embodiment, the circuit units com- 
prises: first and second delays for delaying the phases 
of the detection signals received by the first and second 

10 light receiving portions arranged in one row of the ma- 
trix, respectively; and a phase comparator for compar- 
ing the phase of the sum of the delayed detection signal 
of the first light receiving portion and the detection signal 
received by the diagonally opposite third light receiving 

15 portion, and the phase of the sum of the delayed detec- 
tion signal of the second light receiving portion and the 
detection signal received by the diagonally opposite 
fourth light receiving portion. 

[0033] The present invention provides an error signal 

20 detection apparatus for an optical recording/reproduc- 
ing system comprising: a photodetector for receiving 
light reflected and diffracted from a recording medium; 
and a circuit unit for detecting an error signal by process- 
ing detection signals received by the photodetector, 

25 wherein, when the direction of information stream re- 
corded in the recording medium is defined as a tangen- 
tial direction, and the direction perpendicular to the in- 
formation stream is defined as a radial direction, the 
photodetector comprises eight light receiving portions 

30 in a 4 x 2 matrix, to separately perform photoelectric 
conversion on light reflected and diffracted from the re- 
cording medium, wherein the row of the matrix is parallel 
to a direction corresponding to the radial direction, and 
the column of the matrix is parallel to a direction corre- 

35 sponding to the tangential direction, and the eight light 
receiving portions include four inner light receiving por- 
tions arranged at the center region of the photodetector, 
and four outer light receiving portions arranged around 
the corresponding inner light receiving portions, and the 

40 circuit unit compares the phases of the detection signals 
of the inner and/or outer light receiving portions ar- 
ranged in the same row, and outputs a tiltand/ortracking 
error signal from phase comparison signals. 
[0034] Another error signal detection apparatus for an 

^5 optical recording/reproducing system, comprises: a 
photodetector for receiving light reflected and diffracted 
from a recording medium; and a circuit unit for detecting 
an error signal by processing detection signals received 
by the photodetector, wherein, when the direction of in- 

50 formation stream recorded on the recording medium is 
defined as a tangential direction, and the direction per- 
pendicular to the information stream is defined as a ra- 
dial direction, the photodetector comprises eight light re- 
ceiving portions in a 4 x 2 matrix, to separately perform 

55 photoelectric conversion on light reflected and diffracted 
from the recording medium, wherein the row of the ma- 
trix is parallel to a direction corresponding to the radial 
direction of the recording medium, and the column of 
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the matrix is parallel to a direction corresponding to the 
tangential direction, and the eight light receiving por- 
tions include four inner light receiving portions arranged 
at the center region of the photodetector, and four outer 
light receiving portions arranged around the corre- 
sponding inner light receiving portions, and the circuit 
unit amplifies the sum of the detection signals received 
by the inner and/or outer light receiving portions ar- 
ranged in a first diagonal direction by a predetermined 
gain factor, compares the phase of the amplified signal 
with the phase of the sum of the detection signals re- 
ceived by the inner and/or outer light receiving portions 
arranged in a second diagonal direction, to detect a tilt 
and/or tracking error signal. 

[0035] Another error signal detection apparatus for an 
optical recording/reproducing system, comprises: a 
photodetector for receiving light reflected and diffracted 
from a recording medium; and a circuit unit for detecting 
an error signal by processing detection signals received 
by the photodetector, wherein, when the direction of in- 
formation stream recorded on the recording medium is 
defined as a tangential direction, and the direction per- 
pendicular to the information stream is defined as a ra- 
dial direction, the photodetector comprises first through 
fourth light receiving portions arranged counterclock- 
wise in order in a 2 x 2 matrix, and separated in the 
radial and/or tangential direction, to separately perform 
photoelectric conversion on light reflected and diffracted 
from the recording medium, the first through fourth light 
receiving portions, wherein the row of the matrix is par- 
allel to a direction corresponding to the radial direction 
of the recording medium, and the column of the matrix 
is parallel to a direction corresponding to the tangential 
direction, and the circuit unit comprises: an amplifier for 
amplifying the sum of the detection signals received by 
the first and third light receiving portions arranged in a 
first diagonal direction by a predetermined gain factor; 
and a phase comparator for comparing the phase of the 
output signal of the amplifier and the phase of the sum 
of the detection signals received by the second and forth 
light receiving portions arranged in a second diagonal 
direction, to detect a tilt and/or tracking error signal. 
[0036] According to another aspect of the present in- 
vention, there is provided an apparatus for detecting a 
reproduction signal with a photodetector having eight 
light receiving portions in a 2 x 4 matrix, four inner light 
receiving portions arranged at the center region of the 
photodetector, and four outer light receiving portions ar- 
ranged around the corresponding inner light receiving 
portions, wherein, when the direction of information 
stream recorded on the recording medium is defined as 
a tangential direction, and the direction perpendicular to 
the information stream is defined as a radial direction, 
the row of the matrix is parallel to a direction correspond- 
ing to the radial direction of the recording medium, and 
the column of the matrix is parallel to a direction corre- 
sponding to the tangential direction, the apparatus com- 
prising: first through fourth delays for delaying a prede- 



termined period of time the detection signals received 
by the inner and outer light receiving portions, respec- 
tively, arranged in one row; a first adder for summing a 
delayed detection signal for one of the inner light receiv- 
5 ing portions arranged in a first diagonal direction and the 
detection signal received by the other inner light receiv- 
ing portion arranged in the first diagonal direction, and 
outputting a first sum signal; a second adder for sum- 
ming a delayed detection signal for one of the outer light 
10 receiving portions arranged in the first diagonal direction 
and the detection signal received by the other outer light 
receiving portion arranged in the first diagonal direction, 
and outputting a second sum signal; a third adder for 
summing a delayed detection signal for one of the inner 
?5 light receiving portions arranged in a second diagonal 
direction and the detection signal received by the other 
inner light receiving portion arranged in the second di- 
agonal direction, and outputting a third sum signal; a 
fourth adder for summing a delayed detection signal for 
20 one of the outer light receiving portions arranged in the 
second diagonal direction and the detection signal re- 
ceived by the other outer light receiving portion arranged 
in the second diagonal direction, and outputting a fourth 
sum signal; and a fifth adder for summing the first 
25 through forth sum signals and outputting the reproduc- 
tion signal. 

[0037] For a better understanding of the invention, 
and to show how embodiments of the same may be car- 
ried into effect, reference will now be made, by way of 
30 example, to the accompanying diagrammatic drawings 
in which: 

Figure 1 is a schematic view of an example of a gen- 
eral optical pickup; 

35 

Figure 2 illustrates the structure of a conventional 
tilt error signal detection apparatus; 

Figure 3 illustrates the structure of a conventional 
40 tracking error signal detection apparatus; 

Figure 4A illustrates light is reflected and diffracted 
in the radial direction from a common high-density 
recording medium; 

45 

Figure 4B illustrates light reflected and diffracted in 
the tangential direction from a common high-densi- 
ty recording medium; 

so Figure 5 is a schematic view of a preferred embod- 
iment of an error signal detection apparatus for an 
optical recording/reproducing system according to 
the present invention; 

55 Figure 6 is a graph showing the output signals of 
the circuit unit of Figure 5 when a tracking servo is 
not operated; 
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Figure 7 is a graph showing the output signals of 
the circuit unit of Figure 5 when the tracking servo 
is operated; 

Figures 8 through 21 illustrate alternative embodi- 
ments of the error signal detection apparatus for an 
optical recording/reproducing system according to 
the present invention; 

Figure 22 is a schematic view of a preferred embod- 
iment of a reproduction signal detection apparatus 
according to the present invention; 

Figure 23 illustrates the structure of another embod- 
iment of the error signal detection apparatus ac- 
cording to the present invention, which detects a 
tracking error signal; 

Figures 24 through 26 illustrate alternative embod- 
iments of the circuit unit of Figure 23; 

Figure 27 illustrates the structure of another embod- 
iment of the error signal detection apparatus ac- 
cording to the present invention; 

Figures 28 and 29 are graphs showing the tracking 
error signals output from the circuit units of Figures 
27 and 3, respectively; 

Figures 30 through 32 illustrate alternative embod- 
iments of the circuit unit of Figure 27; 

Figure 33 illustrates the structure of another embod- 
iment of the error signal detection apparatus ac- 
cording to the present invention; 

Figures 34 and 36 show alternative embodiments 
of the circuit unit of Figure 33; and 

Figures 37 through 42 illustrate alternative exam- 
ples of the photodetector shown in Figures 33 
through 33. 

[0038] As shown in Figure 5, a preferred embodiment 
of an error signal detection apparatus for an optical re- 
cording/reproducing apparatus according to the present 
invention includes a photodetector 30 for receiving light 
reflected and diffracted from a recording medium, such 
as the disk 10 of Figures 4A and 4B, and a circuit unit 
50 for processing the signals converted by the photode- 
tector 30 to detect an error signal. The photodetector 30 
receives light reflected by the recording medium, and 
the received signals are utilized in detecting a tilt error 
signal, which is caused by tilting of an objective lens 7 
(see Figure 1 ) with respect to the recording medium, a 
tracking error signal, a reproduction signal from the re- 
cording medium, or the like. That is, the photodetector 
30 is for use in detecting an information signal in an op- 



tical pickup. 

[0039] Assuming that the direction of an information 
stream recorded on the recording medium is the tangen- 
tial direction, and the direction perpendicular to the in- 

5 formation stream is the radial direction, the photodetec- 
tor 30 is divided into two in a direction corresponding to 
the tangential direction of the recording medium (here- 
inafter, referred to as just tangential direction), and into 
four in a direction corresponding to the radial direction 

10 of the recording medium (hereinafter, referred to as just 
radial direction), which provides an 8-section structure. 
In other words, the photodetector 30 includes four inner 
light receiving portions A2, B2, C2 and D2, which are 
arranged counterclockwise in order, and four outer light 

15 receiving portions A1, B1, C1 and D1, which are ar- 
ranged counterclockwise in order. Here, the eight light 
receiving portions are arranged in a 2x 4 matrix, where- 
in the row is parallel to a direction corresponding to the 
radial direction, and the column is parallel to a direction 

20 corresponding to the tangential direction, and separate- 
ly perform photoelectric conversion on incident light. 
The inner light receiving portions A2, B2, C2 and D2 are 
long in the tangential direction and narrow in the radial 
direction. 

25 [0040] The total width of the inner light receiving por- 
tions A2, B2, C2 and D2 in the radial direction is appro- 
priately determined within the range of 10 to 80% of the 
diameter of the 0th order diffracted beam in considera- 
tion of the track pitch and length of the recording medi- 
30 urn, the numerical aperture (NA) of the objective lens 7 
(see Figure 1 ), and the wavelength of light emitted from 
a light source. 

[0041] For example, if a recording medium whose pit 
or mark width is determined such that 0th order and ± 
35 1st order diffracted beams, which are reflected and dif- 
fracted in the radial direction by the recording medium 
overlap only between each of the ± 1st order diffracted 
beams and the 0th order diffracted beam, not between 
+1st order diffracted beam and -1st order diffracted 
40 beam, is adopted, it is preferable that the photodetector 
is designed such that the inner light receiving portions 
A2, B2, C2 and D2 receive only a portion of the overlap- 
ping portions between each of the ± 1st order diffracted 
beams and the 0th order diffracted beam, or do not re- 
45 ceive the overlapping portions at all. 

[0042] Preferably, the total width of the inner light re- 
ceiving portions A2, B2, C2 and D2 in the radial direction 
is large enough so as not to receive the overlapping por- 
tions between each of the ± 1st order diffracted beams 
so and the 0th order diffracted beam. 

[0043] Signals a2, b2, c2 and d2 received by the inner 
light receiving portions A2, B2, C2 and D2 exclusively 
include the characteristics of the 0th order diffracted 
beam, while signals a1, b1, d and d1 received by the 
55 outer light receiving portions A1 , B1 , C1 and D1 include 
the characteristics of the overlapping portions between 
each of the ± 1st order diffracted beams and the 0th or- 
der diffracted beam. 
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[0044] For example, assuming that a light spot is fo- 
cused on the center of a track of the recording medium, 
the detection signals a1, b1, d and of the outer light 
receiving portions A1 , B1 , C1 and D1 , and the detection 
signals a2, b2, c2 and d2 of the inner light receiving por- 
tions A2, B2, C2 and D2 show the following phase rela- 
tionship according to radial tilt error As for the detection 
signals a1 , b1 , d and d1 received by the outer light re- 
ceiving portions A1 , B1 , C1 and D1 , if the radial tilt error 
is positive, the phase of the detection signal a1 is retard- 
ed to that of the detection signal b1, and the phase of 
the detection signal d is retarded to that of the detection 
signal d1 . On contrary, if the radial tilt error is negative, 
the reverse effect results. 

[0045] As for the detection signals a2, b2, c2 and d2 
received by the inner light receiving portions A2, B2, C2 
and D2, if the radial tilt error is positive, the phase of the 
detection signal a2 is retarded to that of the detection 
signal b2, and the phase of the detection signal c2 is 
retarded to that of the detection signal d2. On contrary, 
if the radial tilt error is negative, the reverse effect re- 
sults. 

[0046] The phase relationship between the detection 
signals a1,b1,d anddl of the outer light receiving por- 
tions A1, B1, C1 and D1, and the detection signals a2, 
b2, c2 and d2 of the inner light receiving portions A2, 
B2, C2 and D2 according to tracking error shows a sim- 
ilar tendency to the above. 

[0047] The photodetector 30 having the above divid- 
ed structure according to the present invention, which 
is able to detect a tilt error signal and/or a tracking error 
signal based on the phase characteristics of light in each 
light receiving portion of the photodetector, also has the 
circuit unit 50. 

[0048] If a recording medium with a predetermined pit 
or mark width by which the three beams, 0th order dif- 
fracted beam and ± 1st order diffracted beams from the 
recording medium, overlap each other in a portion is 
adopted, the total width of the inner fight receiving por- 
tions A2, B2, C2 and D2 in the radial direction is deter- 
mined to be large enough to receive the overlapping por- 
tion of the three beams. In this case, the phase relation- 
ship between the detection signals a2, b2, c2 and d2 
shows a similar tendency as described above. 
[0049] Although the following embodiments are de- 
scribed with reference to a recording medium having a 
pit or mark width which does not allow the ± 1st order 
diffracted beams to overlap each other after reflection, 
as in the present embodiment, it will be appreciated that 
the error detection apparatus according to the present 
invention is applicable to a recording medium having a 
pit or mark width which allows the three beams to over- 
lap each other in a portion. 

[0050] According to a preferred embodiment of the 
present invention, the circuit unit 50 compares the phas- 
es of the detection signals a2 and b2 of the inner light 
receiving portions A2 and B2, and the phases of the de- 
tection signals c2 and d2 of the inner light receiving por- 



tions C2 and D2, which are arranged in the same row, 
and outputs a tilt error signal using the obtained phase 
comparison signals. 

[0051] In particular, as shown in Figure 5, the circuit 
5 unit 50 includes first and second phase comparators 51 
and 53, each for comparing the phases of the detection 
signals a2 and b2 of the inner light receiving portions A2 
and B2, and the phases of the detection signals c2 and 
d2 of the inner light receiving portions C2 and D2, and 
10 outputting phase comparison signals, and an adder 59 
for summing the phase comparison signals output from 
the first and second phase comparators 51 and 53. 
[0052] The first phase comparator 51 receives the de- 
tection signals a2 and b2 of the two inner light receiving 
15 portions A2 and B2 positioned in the first row of the pho- 
todetector 30 and compares the phases of the received 
detection signals a2 and b2. The second phase compa- 
rator 53 receives the detection signals c2 and d2 of the 
two inner light receiving portions C2 and D2 positioned 
20 in the second row of the photodetector 30 and compares 
the phases of the received detection signals c2 and d2. 
[0053] The error signal output from the adder 59 is the 
sum of the phase comparison signals obtained by com- 
paring the detection signals of the two inner light receiv- 
es jng portions arranged in the same row, i.e., the phase 
comparison signal from the detection signals a2 and b2 
of the inner light receiving portions A2 and B2, and the 
phase comparison signal from the detection signals c2 
and d2 of the inner light receiving portions C2 and D2. 
30 [0054] Figure 6 illustrates the output signal of the 
adder 59 when a tracking servo of an optical recording/ 
reproducing system is not operated. In this case, if a tilt 
error of a recording medium with respect to an objective 
lens does not occur, a signal including only a tracking 
35 error component is output from the adder 59, as shown 
in (A) of Figure 6. 

[0055] Meanwhile, if a tilt error of the recording medi- 
um with respect to the objective lens exists, a signal in- 
cluding a tilt error component as well as a tracking error 
40 component is output from the adder 59, as shown in (B) 
of Figure 6. The high frequency component in (B) is a 
tracking error signal, and the low frequency component 
in (B) is a tilt error signal. 

[0056] When the tracking error and/or the tilt error oc- 
45 cur as previously mentioned, the tracking error signal 
component and/or the tilt error signal component are in- 
cluded in the signal output from the adder 59. Thus, the 
output signal of the adder 59 is just the tilt error signal 
when the tracking servo is operated. Also, if the tilting 
50 of an optical disk is controlled, or if the tilting of the op- 
tical disk is not a problem to an optical recording/repro- 
ducing system, the output signal of the adder 59 is just 
the tracking error signal. 

[0057] Figure 7 illustrates the output signal of the 
55 adder 59 when a light spot traces along On-track posi- 
tions of the recording medium by operation of the track- 
ing servo. Referring to Figure 7, if a tilt error of the re- 
cording medium with respect to the objective lens does 
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not occur, because the tracking servo is under opera- 
tion, a signal including almost no tilt error nor tracking 
error components is output from the adder 59, as shown 
in (A) of Figure 7. 

[0058] Meanwhile, if a tilt error of the recording medi- 5 
urn with respect to the objective lens exists, due to the 
operation of the tracking servo, a signal including a tilt 
error component and almost no tracking error compo- 
nent is output from the adder 59, as shown in (B) of Fig- 
ure 7. 

[0059] For general optical recording/reproducing sys- 
tems, the tracking servo continuously operates in a 
record/reproduction mode, 

[0060] As described with reference to Figures 6 and 
7, when the error signal detection apparatus shown in 
Figure 5 is adopted in an optical recording/reproducing 
system, the tilt error signal is output from the adder 59 
of the circuit unit 50, and can be used in controlling the 
relative tilt between the objective lens and the recording 
medium. It will be apparent that the error signal detec- 
tion apparatus of Figure 5 can be used for detecting a 
tracking error signal as needed. 
[0061] To detect a tilt error signal using the error signal 
detection apparatus, as show in Figure 5, without oper- 
ation of the tracking servo, a detector 70 for detecting 
an envelope or a variation of signal center value of the 
signal output from the circuit unit 50 can be further in- 
cluded at the output end of the adder 59, as shown in 
Figure 8. 

[0062] For example, when an envelope detector is 
adopted as the detector 70, the envelope detector de- 
tects the envelope of the signal output from the adder 
59, which looks like the signal of (B) of Figure 7, i.e., a 
relatively low-frequency tilt error signal. Thus, the de- 
tector 70 outputs the signals as shown in (A) and (B) of 
Figure 7, depending on whether a tilt error is present or 
not. 

[0063] When a signal center value detector is adopted 
as the detector 70, the signal center value detector de- 
tects and outputs the center value of the tracking error 
signal component. The center value variation of the 
tracking error signal component corresponds to the tilt 
error signal component, and is approximately the same 
as the envelope signal. 

[0064] Referring to Figure 9, the circuit unit 150 may 
comprise only one phase comparator 1 59 for comparing 
the phase of the sum (a2+c2) of the detection signals 
a2 and c2 of the diagonally opposite inner light receiving 
portions A2 and C2, and the phase of the sum (b2+c2) 
of the detection signals b2 and d2 of the diagonally op- 
posite inner light receiving portions B2 and D2. 
[0065] As previously mentioned, the phases of the de- 
tection signals a2 and c2 either lead or lag the phases 
of the detection signals b2 and d2, respectively. In other 
words, the phase characteristics of the detection signal 
a2 are more similar to the detection signal c2 than to the 
detection signal b2. 

[0066] Thus, similar to the circuit unit 50 shown in Fig- 



ure 5, an error signal can be detected by summing the 
detection signals of the diagonally opposite inner light 
receiving portions, which have similar phase character- 
istics, and comparing the obtained results. 
[0067] In the present embodiment, it is preferable that 
the circuit unit 150 further comprises a gain controller 
155 for amplifying one of the sums, (a2+c2) or (b2+d2), 
with a predetermined gain factor k, and outputting the 
result to the phase comparator 1 59, which enables cor- 
rection of offset of the error signals. Here, the gain factor 
k is a non-zero constant. 

[0068] Similar to a general differential push-pull de- 
tection (DPD), the error signal detection apparatus de- 
scribed with reference to Figure 9 sums the detection 
signals of the diagonally opposite light receiving por- 
tions, and compares the phases of the two results. How- 
ever, only the detection signal corresponding to the 0th 
order diffracted beam of the light received by the pho- 
todetector 30 is used, and thus a tilt error signal and/or 
tracking error signal can be detected with high precision 
and accuracy. 

[0069] As shown in Figure 1 0, the circuit unit 1 50 may 
further comprise a delay 151 between the output ends 
of the diagonally opposite inner light receiving portions 
A2 and C2, and the gain controller 155. 
[0070] In this case, the sum of the detection signals 
a2 and c2 of the inner light receiving portions A2 and C2 
is delayed by the delay 151 and input to the gain con- 
troller 155. The signal input to the gain controller 155 is 
amplified and the phase of the signal is compared with 
that of the sum of the detection signals b2 and c2 of the 
other diagonally opposite inner light receiving portions 
B2 and D2. 

[0071] As shown in Figure 10, by delaying the sum of 
the detection signals of one of the pairs of the diagonally 
opposite inner light receiving portions, degradation of 
phases caused by distortion of the signals, which pos- 
sibly occurs in comparison of the signals due to sum- 
ming the detection signals of the diagonally opposite in- 
ner light receiving portions, can be prevented. 
[0072] In particular, the offset of error signals which 
can occur when an objective lens (not shown) is shifted, 
is corrected by phase comparison offset between the 
sums of the diagonally opposite detection signals, which 
is caused due to deviation in pit depth on a recording 
medium, and thus an error signal can be detected more 
accurately. 

[0073] As for the circuit unit 150 of Figure 10 accord- 
ing to the present invention, although the detection sig- 
nals of the diagonally opposite light receiving portions 
are summed, an error signal is detected through delay 
and amplification processes, as previously mentioned. 
As a result, although the pit depth on recording media 
vary, degradation of phase due to distortion of signal ac- 
cording to the pit depth variations is improved. Thus, an 
error signal can be detected with reduced offset even 
when the objective lens is shifted. 
[0074] As shown in Figure 11 , the circuit unit 150 may 
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comprise delays 1 51a and 1 51 b for separately delaying 
detection signals c2 and d2 of the inner light receiving 
portions C2 and D2 in the same row. For this case, the 
problem caused by the pit depth variation of the record- 
ing medium can be improved in detecting an error sig- 5 
nal. 

[0075] As previously mentioned with reference to Fig- 
ure 5, the error signal detection apparatuses shown in 
Figures 9 and 11 according to the present invention out- 
put a tilt error signal during operation of a tracking servo. 
If a tilt error is not present, the error signal detection ap- 
paratuses can be used to detect a tracking error signal. 
As previously mentioned with reference to Figure 8, 
when the envelope or signal center value detector 70 is 
further included, a tilt error signal can be output irrespec- 
tive of the operation of the tracking servo. 
[0076] In the error signal detection apparatuses ac- 
cording to the present invention, which were described 
with reference to Figures 5, and 8 through 11, an error 
signal is detected using the detection signals received 
by the inner light receiving portions A2, B2, C2 and D2, 
which receive the 0th order diffracted beam, and thus a 
tilt error signal can be detected with increased accuracy. 
This is because the 0th order diffracted beam is more 
sensitive to the tilting of the recording medium with re- 
spect to the objective lens than the other! 1st diffracted 
beams reflected and diffracted by the recording medi- 
um. 

[0077] In the error signal detection apparatuses ac- 
cording to the present invention, which were described 
with reference to Figures 5 and 9, the phase comparison 
signals with respect to the detection signals of the inner 
light receiving portions arranged in the radial direction 
are obtained and summed to detect an error signal. As 
a result, even if the objective lens is shifted, or the dis- 
tance between an objective lens and a disk is beyond 
On-focus positions, the tilt error signal varies very little 
and thus the tilt error can be accurately detected. 
[0078] Figure 1 2 is a schematic view of another ex- 
ample of the error signal detection apparatus for an op- 
tical recording/reproducing system according to the 
present invention. The error signal detection apparatus 
of Figure 1 2 is approximately the same as the error sig- 
nal detection apparatus of Figure 5, except that the de- 
tection signals a1, b1, d and d1 of the outer light re- 
ceiving portions A1, B1, C1 and D1 are provided to the 
circuit unit 250. 

[0079] In particular, the first phase comparator 51 re- 
ceives the detection signals a1 and b1 of the outer light 
receiving portions A1 and B1 arranged in the first row 
and compares the phases of the detection signals a1 
and b1. The second phase comparator 53 receives the 
detection signals c1 and d1 of the outer light receiving 
portion C 1 and D 1 arranged in the second row, and com- 
pares the phases of the detection signals c1 and d1. 
[0080] As mentioned with reference to Figure 5, the 
circuit unit 250 also outputs a tilt error signal with oper- 
ation of the tracking servo. When the circuit unit 250 fur- 



ther comprises the envelope or signal center value de- 
tector 70, which was described with reference to Figure 
8, a tilt error signal can be detected irrespective of the 
operation of the tracking servo. If there is not tilt error, 
the output signal of the circuit unit 250 can be used in 
detecting a tracking error signal. 
[0081] Figures 13 through 15 illustrate other embodi- 
ments of the error signal detection apparatus according 
to the present invention, which utilize the detection sig- 
nals received by the outer light receiving portions. The 
structure of the error signal detection apparatuses 
shown in Figures 13 through 15 is approximately the 
same as that of the error signal detection apparatus 
shown in Figures 9 through 1 1 , except that the detection 
signalsa1,b1,c1 anddl of the outer light receiving por- 
tions A1 , B1 , C1 and D1 are input to the circuit unit 350. 
[0082] The error signal detection apparatuses shown 
in Figures 13 through 15 can detect a tilt error signal 
when the tracking servo is operated. When the circuit 
unit 350 further includes the envelope or signal center 
value detector 70, as shown in Figure 8, a tilt error signal 
can be detected by the circuit unit 350, irrespective of 
the operation of the tracking servo, 
[0083] The error signal detection apparatuses for an 
optical recording/reproducing system according to the 
present invention, which were described with reference 
to Figure 5 and Figures 9 through 15, output error sig- 
nals including a tracking error and/or tilt error compo- 
nent, according to whether the tracking servo is operat- 
ed or not, and whether or not there is a relative tilt error 
between the objective lens and the recording medium. 
[0084] If a pair of circuit units each for tilt error detec- 
tion and tracking error detection are constructed using 
at least one of the circuit units described previously, a 
tilt error signal and a tracking error signal can be simul- 
taneously detected. 

[0085] When the envelope or signal center value de- 
tector 70 of Figure 8 is provided to the output end of the 
circuit units shown in Figure 5 and Figures 9 through 1 5, 
unnecessary signal components can be eliminated, and 
thus a tilt error signal can be detected more accurately. 
[0086] Other embodiments of the error signal detec- 
tion apparatus according to the present invention are 
shown in Figures 16 and 17. Each of the error signal 
detection apparatuses of Figures 16 and 17 includes a 
circuit unit 450, which detects an error signal using alt 
the detection signals a1, b1, d, d1, a2, b2, c2 and d2 
of both the outer and inner light receiving portions A1 , 
B1, C1, D1 A2, B2, C2 and D2, wherein an error signal 
is detected from the four phase comparison signals ob- 
tained by separately comparing the phases of the sig- 
nals received by the outer and inner light receiving por- 
tions, which are arranged in the same row. 
[0087] Referring to Figure 16, the circuit unit 450 de- 
tects a tracking error signal with a structure including a 
first circuit portion 250 for outputting an error signal S1 
using the detection signals a1, b1,c1 anddl of the outer 
light receiving portions A1, B1, C1 and D1; a second 
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circuit portion 50 for outputting an error signal S2 using 
the detection signals a2, b2, c2 and d2 of the inner light 
receiving portions A2, B2, C2 and D2; and an adder 455 
for summing the error signals S1 and S2. The circuit unit 
450 may comprise a differential unit (not shown) instead 5 
of the adder 455, which enables detection of a tilt error 
signal. 

[0088] As shown in Figure 17, the circuit unit 450 may 
further comprise a differential unit 453 for subtracting 
the error signals S1 and S2. For this case, a tilt error 
signal as well as a tracking error signal can be detected. 
[0089] The error signal S1 is the same as the output 
signal of the error signal detection apparatus of Figure 
1 2. Similar to the circuit unit of Figure 1 2, the first circuit 
portion 250 has a structure in which the phases of the 
detection signals received by the outer light receiving 
portions arranged in the radial direction are compared 
to obtain phase comparison signals, and the phase 
comparison signals are summed. The error signal S2 is 
the same as the output signal of the error signal detec- 
tion apparatus of Figure 5. Similar to the circuit unit of 
Figure 5, the second circuit portion 50 has a structure 
in which the phases of the detection signals received by 
the inner light receiving portions arranged in the radial 
direction are compared to obtain phase comparison sig- 
nals, and the phase comparison signals are summed. 
As previously mentioned, the first and second circuit 
portions 250 and 50 have the same structures as the 
circuit units of Figures 12 and 5, respectively. For this 
reason, the same reference numerals used in Figures 
1 2 and 5 are used to refer to the first and second circuit 
portions 50 and 250 of Figure 1 6, and a detailed descrip- 
tion thereof is not provided. 

[0090] The error signal S1 obtained using the detec- 
tion signals a1 , b1 , d and d1 of the outer light receiving 
portions A1 , B1 , C1 and D1 , and the error signal S2 ob- 
tained using the detection signals a2, b-2, c2 and d2 of 
the inner light receiving portions A2, B2, C2 and D2 have 
almost opposite phase. Thus, the phases of the enve- 
lopes, i.e., the phases of the tilt error signal components, 
have a phase difference of 180°. It is appreciated that 
the tracking error signal components of the error signals 
S1 and S2 have the same phase. 
[0091] Thus, when the error signals S1 and S2 are 
summed by the adder 455, the tilt error signal compo- 
nents of the error signals S1 and S2, which have oppo- 
site phase, are eliminated, and only the sum of the track- 
ing error signal components is output. When the error 
signals S1 and S2 are input to the differential unit 453, 
as shown in Figure 17, the tracking error signal compo- 
nents are eliminated through subtraction, and the am- 
plitudes of the tilt error signal components included in 
the error signals S1 and S2 with opposite phase are sim- 
ply summed. 

[0092] As a result, the tracking error signal having a 
large amplitude is output from the adder 455, and the 
tilt error signal having a large amplitude is output from 
the differential unit 453. Thus, a tracking error signal 



and/or a tilt error signal can be detected with increased 
accuracy using the error signal detection apparatus 
shown in Figure 17. 

[0093] In the present embodiment shown in Figure 1 7, 
the error signal detection apparatus may further include 
a gain controller 451 for controlling the gain of one of 
the error signals S1 and S2, so that a difference in the 
amplitudes of the error signals S1 and S2 according to 
a division ratio of the outer and inner light receiving por- 
tions of the photodetector 30 can be corrected. 
[0094] For example, the gain controller 451 may be 
connected to the output end of the adder 59 that outputs 
the error signal S2, and may amplify the error signal S2 
by a predetermined gain factor k1 . For this case , the am- 
plitude of the error signal S2 can be controlled by the 
gain controller 451 to be equal to that of the error signal 
S1, which does not pass the gain controller 451. As a 
result, a tracking error signal from which the tilt error sig- 
nal component is completely removed is output from the 
adder 455, and a tilt error signal from which the tracking 
error signal component is completely removed is output 
from the differential unit 453. The incorporation of the 
gain controller 451 into the error signal detection appa- 
ratus according to the present invention increases the 
accuracy in detecting a tracking error signal and/or tilt 
error signal. 

[0095] Instead ofthe four phase comparators, justtwo 
phase comparators 457 and 459 each for comparing the 
phases ofthe detection signals ofthe four light receiving 
portions arranged in the same row, are shown in Figure 
18. In particular, the phase comparator 457 compares 
the phases of the sums of the detection signals of the 
adjacent inner and outer light receiving portions ar- 
ranged in the first row. The phase comparator 459 com- 
pares the phases of the sums of the detection signals 
of the adjacent inner and outer light receiving portions 
arranged in the second row. Preferably, gain controllers 
453 for amplifying the detection signals a2, b2, c2 and 
d2 of the inner light receiving portions A2, B2, C2 and 
D2 by a predetermined gain factor k can be provided so 
as to correct for a difference in the amount of light re- 
ceived by the inner and outer light receiving portions. 
Then, the gain amplified detection signals a2, b2, c2 and 
d2 of the inner light receiving portions A2, B2, C2 and 
D2 are summed with the detection signals a1, b1, c1 
and d1 of the outer light receiving portions A1 , B1 , C1 
and D1, and input to the phase comparators 457 and 
459. The structure ofthe circuit unit 450 of Figure 18 is 
a modification corresponding to that of Figure 16. It will 
be appreciated that the circuit unit 450 of Figure 18 can 
be modified corresponding to that of Figure 17. 
[0096] Referring to Figures 19 through 21 , other em- 
bodiments ofthe error signal detection apparatuses ac- 
cording to the present invention includes a circuit unit 
550 or 600 for detecting error signals from the sums of 
the detection signals ofthe diagonally opposite light re- 
ceiving portions. Here, ail the detection signals of the 
outer light receiving portions A1, B1, C1 and D1, and 
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the inner light receiving portions A2, B2, C2 and D2 are 
utilized in detecting error signals. 
[0097] For example, referring to Figure 19, the circuit 
unit 550 includes a first circuit portion 350 foroutputting 
an error signal S1" using the detection signals a1, b1, 
d and d1 of the outer light receiving portions A1, B1, 
C1 and D1, a second circuit portion 150 for outputting 
an error signal S2' using the detection signals a2, b2, 
c2 and d2 of the inner light receiving portions A2, B2, 
C2 and D2, and a third circuit portion for detecting a tilt 
error signal and/or tracking error signal from the error 
signals SV and S2\ 

[0098] The error signal S1' is the same as the output 
signal of the error signal detection apparatus of Figure 
14. Like the circuit unit of Figure 14, the first circuit por- 
tion 350 has a structure in which the sum of the detection 
signals a1 and d of the diagonally opposite outer light 
receiving portions A1 and C1 is amplified by a predeter- 
mined gain factor k, and the phase of the amplified sig- 
nal is compared with that of the sum of the detection 
signals b1 anddl of the other diagonally opposite outer 
light receiving portions B1 and D1. 
[0099] The error signal S2' is the same as the output 
signal of the enor signal detection apparatus of Figure 
10. Like the circuit unit of Figure 10, the second circuit 
portion 150 has a structure in which the sum of the de- 
tection signals a2 and c2 of the diagonally opposite inner 
light receiving portions A2 and C2 is amplified by a pre- 
determined gain factor k, and the phase of the amplified 
signal is compared with that of the sum of the detection 
signals b2 and d2 of the other diagonally opposite inner 
light receiving portions B2 and D2. As previously men- 
tioned, the first and second circuit portions 350 and 150 
have the same structure as the circuit units of Figures 
10 and 14, respectively. For this reason, the same ref- 
erence numerals used in Figures 10 and 14 are also 
used here, and a detailed description of the elements is 
not provided here. Also, the structure of the circuit units 
shown in Figures 9 and 13 can be adopted for the first 
and second circuit portions 350 and 150. 
[0100] The error signal SV detected using the detec- 
tion signals a1, b1,c1 anddl of the outer light receiving 
portions A1, B1, C1 and D1, and the error signal S2' 
detected using the detection signals a2, b2, c2 and d2 
of the inner light receiving portions A2, B2, C2 and D2 
have similar phase characteristics to the error signals 
S1 and S2 described with reference to Figures 16 and 
17, respectively. 

[01 01 ] The structure of the third circuit portion for de- 
tecting a tilt error signal and/or a tracking error signal 
using the error signals S1* and S2\ and the principle of 
detecting a tilt error signal and/or tracking error signal 
with increased precision and accuracy are similar to 
those described with reference to Figures 16 and 17, 
and thus a description thereof is not provided here. 
[0102] As another modification, the circuit unit 550 
may be constituted of a pair of phase comparators 159 
for comparing the phases of the sums of the detection 



signals received by the diagonally opposite outer light 
receiving portions, and the phases of the sums of the 
detection signals received by the diagonally opposite in- 
ner light receiving portions, respectively, and an adder 
5 455 for summing the outputs from the phase comparator 
159. In this case, phase comparison signals are ob- 
tained, separately, using the detection signals of the in- 
ner and outer light receiving portions, which have differ- 
ent phase characteristics, and thus a tracking error sig- 
io nal can be detected with improved precision. If the adder 
455 is replaced by the differential unit of Figure 19, a tilt 
error signal can be detected. Alternatively, if both the 
adder 455 and the differential unit 453 shown in Figure 
1 9 are further adopted to this structure of Figure 20 , both 
15 tracking and tilt error signals can be detected. 

[0103] Another error signal detection apparatus is 
shown in Figure 21 . The circuit unit 600 includes delays 
601 , a gain controller 605, and a phase comparator 609. 
The delays 601 delay the detection signals c2, d2, d 
20 and d1 of the inner and outer light receiving portions C2, 
D2, C1 and D1 arranged in the second row of the pho- 
todetector, respectively, and output delayed signals c22, 
d22, c11 and d11. The gain controller 605 amplifies the 
sum of two sum signals by a predetermined gain factor 
25 k1, the two sum signals including a first sum signal of 
the delayed signal c11 and the detection signal a1 of the 
diagonally opposite light receiving portion A1 , and a sec- 
ond sum signal of the delayed signal c22 and the detec- 
tion signal a2 of the diagonally opposite inner light re- 
30 ceiving portion A2. The phase comparator 609 com- 
pares the phase of the signal output from the gain con- 
troller 605 with that of the sum signal of two other sum 
signals, including a third sum signal of the delayed sig- 
nal d11 and the detection signal b1 of the diagonally op- 
35 posite outer light receiving portion B1 , and a fourth sum 
signal of the delayed signal d22 and the detection signal 
b2 of the diagonally opposite inner light receiving portion 
B2. 

[0104] The circuit unit 600 may further include a gain 
40 controller 603 for amplifying the second sum signal 
(a1+c22) by a predetermined gain factor k2, so as to 
correct for a difference in the amount of light received 
by the outer and inner light receiving portions. The circuit 
unit 600 may further comprise a gain controller (not 
45 shown) for amplifying the fourth sum signal (b2+d22) a 
predetermined amount. 

[0105] In addition, various circuit elements described 
previously can be provided to the output end of the 
phase comparator 609, and a tilt error signal and/or 
50 tracking error signal can be detected using the error sig- 
nal detection apparatus. 

[0106] Figure 22 illustrates a preferred embodiment 
of a reproduction signal detection apparatus according 
to the present invention. As show in Figure 26, the re- 
55 production signal detection apparatus includes an 
8-section photodetector30with outer light receiving por- 
tions A1 , B1 , C1 and D1 , and inner light receiving por- 
tions A2, B2, C2 and D2; and a circuit unit 620 for de- 
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tecting a reproduction signal using all detection signals 
a1 , b1 , d , d1 , a2, b2, c2 and d2 of the outer and inner 
light receiving portions A1, B1, C1, D1 A2, B2, C2 and 
D2. 

[0107] The circuit unit 620 includes delays 621 for de- 5 
laying the detection signals c2,d2,c1 anddl of the inner 
and outer light receiving portions C2, D2, C1 and D1 
arranged in the second row of the photodetector 320 
and outputting delayed signals c22, d22, c11 and d11; 
first and second gain controllers 623 and 625 for ampli- 
fying the sum of the delayed signal c11 and the detection 
signal a1 of the diagonally opposite outer light receiving 
portion A1 by a predetermined gain factor k1, and the 
sum of the delayed signal d11 and the detection signal 
b1 of the diagonally opposite outer light receiving portion 
B1 by a predetermined gain factor k2, respectively; and 
an adder 627 for summing the amplified signals output 
from the first and second gain controllers 623 and 625, 
and the other sum signals. Preferably, the sum of the 
gain factors k1 and k2 is constant. 
[0108] In the reproduction signal detection apparatus 
according to the present invention, different phase char- 
acteristics between the detection signals received by 
the diagonally opposite light receiving portions are cor- 
rected using delays. Also, the difference in the amount 
of light received by the inner and outer light receiving 
portions can be corrected using the gain controllers. As 
a result, a high quality reproduction signal can be pro- 
duced. 

[0109] Figures 23 through 27, and Figures 30 through 
32 illustrates other embodiments of the error signal de- 
tection apparatus according to the present invention, 
which detects a tracking error signal and/or a tilt error 
signal in consideration of the phase characteristics of 
light reflected and diffracted from a recording medium 
along the information stream direction, as shown in Fig- 
ure 4B. The principle of detecting a tilt and/or tracking 
error signal with the error signal detection apparatuses 
shown in Figures 23 through 27, and Figures 30 through 
32 is the same as in the previous embodiments, and a 
description of the principle is not provided here. 
[0110] Referring to Figure 23, the error signal detec- 
tion apparatus according to the present invention in- 
cludes a photodetector 1 000 for receiving light reflected 
and diffracted from a recording medium, such as the 
disk 1 0 of Figure 4B, and a circuit unit 1 050 for detecting 
an error signal by processing the detection signals re- 
ceived by the photodetector 1000. The photodetector 
1000 receives light reflected from the recording medi- 
um, and its detection signals are used in detecting a re- 
production signal of the recording medium, and a track- 
ing and/or tilt error signal. 

[0111] The photodetector 1000 is divided into four 
sections in the tangential direction and two sections in 
the radial direction, which forms a 4x 2 matrix with an 
8-section structure. That is, the photodetector 1000 in- 
cludes eight light receiving portions: four inner light re- 
ceiving portions A2\ B2\ C2* and D2\ and four outer light 



receiving portions A1\ B1\ CV and D1\ which are ar- 
ranged counterclockwise in order. The eight light receiv- 
ing portions separately perform photoelectric conver- 
sion on incident light, in the present embodiment, the 
inner light receiving portions A2\ B2\ C2' and D2' are 
wide in the radial direction and narrow in the tangential 
direction. 

[0112] When light reflected and diffracted from the re- 
cording medium is diffracted into 0th order and ± 1st or- 
der diffracted beams along the tangential direction, i.e., 
the pit direction, as shown in Figure 4B, it is preferable 
that the width of the inner light receiving portions AZ, 
B2\ C2' and D2' in the tangential direction is determined 
to receive most of the 0th order diffracted beam. If a por- 
tion of each of the ± 1 st order diffracted beams overlaps 
the 0th order diffracted beam, the width of the inner light 
receiving portions A2\ B2\ C2' and D2' in the tangential 
direction can be determined to receive the overlapping 
portions of the three beams. 

[0113] Similar to the photodetector 30 of Figure 5, the 
phases of the detection signals a2\ b2', c2' and d2' of 
the inner light receiving portions A2\ B2\ C2' and 02 
are different from those of the detection signals a1\ b1\ 
d' and dV of the outer light receiving portions A1\ B1\ 
Cl'and D1'. 

[0114] Similar to the circuit unit 50 of Figure 5, the cir- 
cuit unit 1050 separately processes the detection sig- 
nals of the inner and outer light receiving portions. That 
is, the circuit unit 1050 compares the phases of the de- 
tection signals received by the light receiving portions 
arranged in the same row, and detects an error signal 
using the phase comparison signals. To end this, as 
shown in Figure 23, the circuit unit 1050 includes a pair 
of phase comparators 1051 and 1053 for comparing the 
phases of the detection signals, and an adder 1059 for 
summing the phase comparison signals output from the 
phase comparators 1051 and 1053. 
[0115] The phase comparator 1051 receives the de- 
tection signals a1' and b1' of the outer light receiving 
portions A1' and B1' arranged in the first row, and com- 
pares the phases thereof. The phase comparator 1053 
receives the detection signals d' and d1' of the outer 
light receiving portions CV and D1' arranged in the 
fourth row, and compares the phases thereof. 
[0116] An error signal output from the adder 1059 is 
the sum of the phase comparison signal with respect to 
the detection signals a1 1 and b1 * of the outer light receiv- 
ing portions A1 ' and B 1 ' arranged in the same row in the 
tangential direction, which is output from the phase com- 
parator 1051 , and the phase comparison signal with re- 
spect to the detection signals d* and d1' of the outer 
light receiving portions C1 ' and D1 * arranged in the same 
row in the tangential direction, which is output from the 
phase comparator 1 053. 

[0117] When an error signal is detected using the 
phase comparison signals that are obtained by compar- 
ing the detection signals of the light receiving portions 
arranged in the same row, as in the present embodi- 
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ment, degradation of phase due to signal distortion can 
be prevented, compared to the conventional error de- 
tection technique of comparing the phases of the sums 
of detection signals of the diagonally opposite light re- 
ceiving portions, which was described with reference to 
Figures 2 and 3. Although there is variation in the depth 
of pits on recording media, signal degradation which 
possibly occurs with the conventional method using the 
sums of the detection signals of diagonally opposite light 
receiving portions can be prevented. 
[0118] According to the present invention, the phase 
characteristics along the tangential direction of the de- 
tection signals of the light receiving portions are not ob- 
scured, and thus an error signal with a high gain can be 
obtained. 

[0119] In another embodiment, shown in Figure 24, 
the circuit unit 1050 may be constructed such that it is 
able to detect a tracking error signal using the detection 
signals a2\ b2\ cZ and d2' of the inner light receiving 
portions A2\ B2\ C2' and D2', instead of using the de- 
tection signals a1\ b1\ d' and dV of the outer light re- 
ceiving portions A1\ B1\ CV and D1'. In particular, the 
phase comparator 1151 receives the detection signals 
a2' and b2' of the inner light receiving portions A2' and 
B2' arranged in the second row, and outputs a phase 
comparison signal. The phase comparator 1153 re- 
ceives the detection signals c2' and c2' of the inner light 
receiving portions C2' and C2' arranged in the third row, 
and outputs a phase comparison signal. The adder 11 59 
outputs an error signal by summing the phase compar- 
ison signals. 

[0120] In another embodiment, shown in Figure 25, 
the circuit unit 1050 may be constructed such that it is 
able to detect an error signal using all the detection sig- 
nals a1\ b1\ d\ dV, aZ, b2\ c2' and d2* of the outer 
and inner light receiving portions AV, B1\ C1\ D1\ A2\ 
B2\ C2' and D2\ which is a combination of the circuit 
units 1050 of Figures 23 and 24. In particular, an error 
signal SV is obtained by processing the detection sig- 
nals a1\ b1\ d' and dV of the outer light receiving por- 
tions A1\ B1 1 , C1' and D1\ which is the same as in Fig- 
ure 23, and an error signal S2* is obtained by processing 
the detection signals aZ, b2\ c2 l and d2* of the outer 
light receiving portions A2\ B2\ C2* and D2\ which is 
the same as in Figure 24. Then, the two error signals 
S1 ' and S2' are summed or subtracted by the operating 
unit 1060, so that a final error signal is obtained. 
[0121] Preferably, the operating unit 1060 amplifies 
only the error signal S2' from the adder 1159 by a pre- 
determined gain factor k, sums or subtracts the ampli- 
fied error signal (k* S2') and the error signal S 1 ' from the 
adder 1 059, and outputs a final error signal. Alternative- 
ly, both of the error signals SV and S2' may be amplified 
a predetermined amount, and summed to obtain a final 
error signal. 

[0122] The operating unit 1060 may be constructed of 
the gain controller 451 and the adder 455 as shown in 
Figure 16. In this case, a tracking error signal is output 



from the operating unit 1060. Alternatively, if the oper- 
ating unit 1 060 is constructed of the gain controller 451 , 
the adder 455 and the differential unit 463 as shown in 
Figure 1 7, both tracking and tilt error signals can be de- 

5 tected by the operating unit 1060. 

[0123] In another example of the circuit unit 1050, as 
shown in Figure 26, the detection signals a2\ bZ, c2' 
and d2' of the inner light receiving portions A2\ B2', C2* 
and D2' are amplified with a predetermined gain, and 

10 summed with the detection signals aV, bV, cV and dV 
of the corresponding outer light receiving portions AV, 
BV, CVand DV. The phases of the sums of the detec- 
tion signals received by the light receiving portions ar- 
ranged in radial directions are compared, and an error 

15 signal is obtained by summing the phase comparison 
signals. 

[0124] In particular, the detection signals aV and a2' 
of the outer and inner light receiving portions AV and 
AZ are input to a first operator 1161 . The first operator 

20 1161 amplifies the detection signal aZ of the inner light 
receiving portions AZ by a predetermined gain factor k, 
and sums the amplified detection signal and the detec- 
tion signal aV of the outer light receiving portion AV. As 
a result, the first operator 1161 outputs the signal 

25 (aV+k*a2'). 

[0125] In a similar manner, a second operator 1162 
receives the detection signals bV and b2' of the outer 
and inner light receiving portions BV and BZ and out- 
puts the signal (bV+k*bZ). A third operator 1163 re- 

30 ceives the detection signals cV and cZ of the outer and 
inner light receiving portions CV and CZ and outputs 
the signal (cV+k*cZ). A fourth operator 1164 receives 
the detection signals dV and d2' of the outer and inner 
light receiving portions DV and D2' and outputs the sig- 

35 nal (dV+k*dZ). 

[0126] A first phase comparator 1165 compares the 
phase of the output signal of the first operator 1161, 
which is obtained from the detection signals aV and a2' 
of the outer and inner light receiving portions AV and 

40 AZ arranged in the tangential direction, and the phase 
of the output signal of the second operator 1162, which 
is obtained from the detection signals bV and bZ of the 
outer and inner light receiving portions BV and B2' ar- 
ranged in the tangential direction. A second phase com- 

45 parator 1167 compares the phase of the output signal 
of the third operator 1163, which is obtained from the 
detection signals cV and c2' of the outer and inner light 
receiving portions C V and CZ arranged in the tangential 
direction, and the phase of the output signal of the fourth 

so operator 1 1 64, which is obtained from the detection sig- 
nals dV and dZ of the outer and inner light receiving 
portions DVand DZ arranged in the tangential direction. 
[0127] An adder 1169 sums the phase comparison 
signals output from the first and second phase compa- 

55 rators 1165 and 1167, and outputs an error signal. 
[0128] As previously mentioned, the circuit unit 1050 
having the above configuration amplifies the detection 
signals of the inner light receiving portions with a pre- 
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determined gain, and sums the products and the detec- 
tion signals of the corresponding outer light receiving 
portions. Then, phase comparison is performed with re- 
spect to the detection signals received by the light re- 
ceiving portions arranged in the radial direction. As a 
result, distortion that occurs between the detection sig- 
nals received by the outer and inner light receiving por- 
tions can be corrected. 

[0129] As shown in Figure 27 and Figures 30 through 
32, the circuit unit 1250 may detect an error signal by 
amplifying the sum of the detection signals received by 
the inner light receiving portions arranged in one diag- 
onal direction, and/or the sum of the detection signals 
received by the outer light receiving portions arranged 
in one diagonal direction, and comparing the phases of 
the amplified signals with the phases of the sum of the 
detection signals received by the inner light receiving 
portions and/or the sum of the detection signals re- 
ceived by the outer light receiving portions arranged in 
the other diagonal direction. 

[0130] As shown in Figure 27, the circuit unit 1250 in- 
cludes an amplifier 1260 for amplifying the sum of the 
detection signals b1' and d1' of the outer light receiving 
portions B1' and D1" arranged in a second diagonal di- 
rection with a predetermined gain; and a phase compa- 
rator 1251 for comparing the phase of the sum of the 
detection signals a1' and cV of the outer light receiving 
portions A1' and C1' arranged in a first diagonal direc- 
tion, with the phase of the output signal from the ampli- 
fier 1260, to detect an error signal. Here, the gain factor 
k is a constant. 

[0131] Similar to the conventional error signal detec- 
tion apparatus shown in Figures 2 and 3, the detection 
of an error signal begins with summation of the detection 
signals of diagonally opposite light receiving portions. 
[0132] Figures 28 and 29 show a tracking error signal 
TES output from the phase comparator 1251 according 
to the present invention, and a tracking error signal TES' 
detected by the conventional method of Figure 3, re- 
spectively. As shown in Figures 39 and 40, the 0th order 
diffracted beam, and the overlapping portions of the 0th 
order diffracted beam and ± 1st order diffracted beams 
are separately received by the light receiving portions 
of the photodetector in the present invention. Thus, the 
amplitude of the tracking error signal TES, which is de- 
tected by the error signal detection apparatus, is in- 
creased and the level of noise is decreased, compared 
to the tracking error signal TES'. 
[0133] The circuit unit 1250 of Figure 27 may be con- 
structed such that it uses the detection signals of the 
inner light receiving portions A2\ B2', C2' and D2' in de- 
tecting an error signal. 

[0134] Instead of detecting the tracking error signal 
using the detection signals of either the inner or outer 
light receiving portions, as shown in Figure 30, the circuit 
unit 1250 may detect an error signal using all the detec- 
tion signals a2\ b2\ c2\ d2\ a1\ b1\ d' and d1' of the 
inner and outer light receiving portions A2', B2\ C2\ D2\ 



A1\B1\C1'andD1\ 

[0135] In particular, the circuit unit 1250 includes a 
first amplifier 1260 for amplifying the sum of the detec- 
tion signals b1' and d1' of the outer light receiving por- 

5 tions B1' and D1' arranged in a second diagonal direc- 
tion with a predetermined gain factor k; a second ampli- 
fier 1265 for amplifying the sum of the detection signals 
b2* and d2' of the corresponding inner light receiving 
portions B2' and D2'; a first phase comparator 1251 for 

10 comparing the phase of the sum of the detection signals 
a1' and d' of the outer light receiving portions A1* and 
CV arranged in a first diagonal direction and the phase 
of the output signal from the first amplifier 1 260, and out- 
putting a phase comparison signal from the outer light 

15 receiving portions A1\ B1\ CV and D1'; a second phase 
comparator 1 255 for comparing the phase of the sum of 
the detection signals a2' and c2' of the inner light receiv- 
ing portions A2' and C2' arranged in the first diagonal 
direction and the phase of the output signal from the sec- 

20 ond amplifier 1 265, and outputting a phase comparison 
signal from the inner light receiving portions A2\ B2\ C2' 
and D2'; and an adder 1 270 for outputting an error signal 
by summing the phase comparison signals from the first 
and second phase comparators 1250 and 1255. 

25 [0136] The circuit unit 1250 of Figure 27 may further 
comprise a delay 1240 at the output ends of the outer 
light receiving portions C1' and D1* arranged in the 
fourth row of the photodetector 1000, as shown in Figure 
31 . In this case, the delay 1240 delays the detection sig- 

30 nals d' and d1' of the outer light receiving portions CV 
and D1\ and outputs delayed signals c11' and d11\ re- 
spectively. The delayed signals c11' and d11* are 
summed with the detection signals a1' and b1' of the 
outer light receiving portions A1* and B1' arranged in the 

35 first row of the photodetector 1000, respectively, and 
then input to the phase comparator 1251 and the ampli- 
fier 1260, respectively, as in Figure 27. 
[01 37] In the case when the detection signals d ' and 
d1' of the outer light receiving portions C1' and D1' ar- 

40 ranged in the same row are delayed in detecting an error 
signal, as illustrated in Figure 31, the offset of the error 
signal which possibly occurs when the objective lens 
(not shown) is shifted, due to phase difference offset, 
can be corrected, and thus an error signal can be de- 

45 tected more precisely and accurately. In practice, the 
phase difference offset occurs between sums of the de- 
tection signals received by diagonally opposite light re- 
ceiving portions, due to a difference in the depth of pits 
on the recording medium. 

50 [0138] In other words, when a deviation of pit depth 
on the recording medium occurs, the conventional error 
signal detection apparatus detects an error signal by just 
summing the detection signals of the diagonally oppo- 
site light receiving portions and subtracting the results, 

55 so that degradation of the signal is serious. Meanwhile, 
the circuit unit 1250 of the present invention processes 
the detection signals of the diagonally opposite light re- 
ceiving portions by, for example, delay and amplifica- 
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tion, and then detects a phase difference between the 
signals. As a result, degradation of phase due to signal 
distortion, caused by such variations of pit depth, can 
be reduced or eliminated. Thus, even when the objec- 
tive lens is shifted, the error signal can be detected with 5 
sharply reduced offset. 

[0139] The structure of the circuit unit 1250 may be 
varied as shown in Figure 32. In Figure 32, the circuit 
unit 1250 delays the detection signals d' and d1" of the 
outer light receiving portions CT and D1 ' arranged in the 
same row, i.e., in the fourth row, and the corresponding 
inner light receiving portions C2' and D2\ appropriately 
processes the delayed signals c11\ d11\ c22* and d22' 
with the detection signals a1 b1 ', a2' and b2' of the cor- 
responding diagonally opposite outer and inner light re- 
ceiving portions A1\ B1\ A2' and B2\ and compares the 
phases of the resultant signals, thereby detecting an er- 
ror signal. 

[0140] In particular, the delay 1240 delays the detec- 
tion signals d\ c2\ dV and d2' of the outer and inner 
light receiving portions C1\ C2' t D1* and D2' arranged 
in the tangential direction, and outputs the delayed sig- 
nals cir, c22', d11' and d22\ 

[0141] The delayed signals c11* and c22' of the outer 
and inner light receiving portions C1* and C2\ and the 
detection signals a1' and a2' of the corresponding diag- 
onal outer and inner light receiving portions A1* and A2' 
are input to a first operator 1 280. The first operator 1 280 
amplifies the sum (a2'+c22') of the detection signals of 
the inner light receiving portions A2* and C2* by a pre- 
determined gain factor k1 , and sums the amplified signal 
with the sum (a1'+c11') of the detection signals of the 
outer light receiving portions AV and C1\ 
[0142] The delayed signals d11* and d22' of the other 
outer and inner light receiving portions D1' and D2\ out- 
put from the delay 1240, and the detection signals b1' 
and b2' of the corresponding diagonally opposite light 
receiving portions B1' and B2', are input to a second op- 
erator 1285. The second operator 1285 amplifies the 
sum (b2'+d2Z) of the detection signals of the inner light 
receiving portions B2' and D2' by a predetermined gain 
factor k2, and sums the amplified signal with the sum 
(bV+dH') of the detection signals of the outer light re- 
ceiving portions B1" and D1\ 

[0143] The output signal of the second operator 1285 
is amplified by a predetermined gain factor k by an am- 
plifier 1289. The output signal of the first operator 1280 
and the output signal of the amplifier 1289 are input to 
the phase comparator 1251. The phase comparator 
1251 compares the phases of the received signals, and 
outputs an error signal. 

[0144] In the present embodiment, the gain factor k is 
a non-zero constant. When the gain factors k1 and k2 
are zero in the circuit unit 1250 of Figure 32, the circuit 
unit 1250 is the same as that shown in Figure 31 . 
[0145] Similar to the circuit unit 1250 of Figure 31 , in 
the circuit unit 1 250 having the structure shown in Figure 
32, even when a deviation of pit depth of the recording 



medium occurs, signal distortion can be prevented 
through delay and amplification. Thus, an error signal 
can be detected with sharply reduced offset, regardless 
of shifting of the objective lens. 
[0146] Various embodiments of the tracking error sig- 
nal detection apparatus, which detects an error signal 
with the photodetector 1 000 divided into 8 light receiving 
portions A1\ A2\ B1\ B2\ C1\ C2\ D1' and DZ, have 
been described above. 

[0147] Another embodiment of the tracking error sig- 
nal detection apparatus according to the present inven- 
tion, which adopts a photodetector including four light 
receiving portions, is shown in Figure 33. The tracking 
error signal detection apparatus includes a photodetec- 
tor 1300 including four light receiving portions A, B, C 
and D arranged counterclockwise in order, forming a 2x 
2 matrix, wherein the row is parallel to a direction corre- 
sponding to the radial direction of the recording medium, 
and the column is parallel to a direction corresponding 
to the tangential direction of the recording medium; and 
a circuit unit 1 350 for detecting an error signal using the 
detection signals received by the photodetector 1300. 
[0148] The light receiving portions A, B, C and D are 
separated from each other by a predetermined distance 
L1 in the radial direction, and by a predetermined dis- 
tance L2 in the tangential direction, such that a portion 
of incident light reflected from the recording medium is 
not received. 

[0149] Preferably, the distance L1 is approximately 
the same as the total width of the inner light receiving 
portions AZ, BZ, CZ and DZ in the tangential direction 
as shown in Figure 23. 

[0150] The phase relationship between the detection 
signals a, b, c and d of the first through fourth light re- 
ceiving portions A, B, C and D is similar to that between 
the detection signals of the outer light receiving portions 
shown in Figures 5 and 23. 

[0151] In the present embodiment, the first through 
fourth light receiving portions A, B, C and D are arranged 
a predetermined distance apart from each other. As a 
result, distortion of an error signal detected by receiving 
a portion of the incident light reflected and diffracted 
from the recording medium can be reduced. Thus, an 
error signal can be detected with increased accuracy 
[0152] When the error signal detection apparatus is 
used exclusively in detecting a tilt error signal, it is pref- 
erable that the photodetector 1300 is arranged such that 
it is able to receive only a portion of light reflected by the 
recording medium after having been focused on the re- 
cording medium by an objective lens of an optical pick- 
up. For example, in an optical system having the optical 
pickup shown in Figure 1 , another beam splitting means 
can be positioned on the optical path between the beam 
splitter 5, which is adopted as an optical path changing 
means, and the light sensing lens 8. Then, the photode- 
tector 1300 for detecting a tilt error signal is arranged 
such that it can receive a portion of light reflected and 
diffracted from the recording medium, which is split by 
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the beam splitting means. For this case, an additional 
photodetector 9 (see Figure 1) for use in detecting an 
information signal, as well as the photodetector 1300 for 
detection of a tilt error signal is needed for an optical 
recording/reproducing system. 
[0153] The photodetector 1300 having the first 
through fourth light receiving portions A, B, C and D can 
be used for detection of both information and error sig- 
nals by receiving a portion of light reflected and diffract- 
ed from the recording medium. 
[0154] As shown in Figure 33, the circuit portion 1350 
compares the detection signals a and b of the light re- 
ceiving portions A and B arranged in the first row, and 
the detection signals c and d of the light receiving por- 
tions C and D arranged in the second row, separately, 
and sums the phase comparison signals, thereby de- 
tecting an error signal. In this case, the structure of the 
circuit portion 1350, and the detection of an error signal 
are similar to the circuit structure and detection method 
of Figure 23. Thus, like reference numerals are used to 
refer to like elements in Figures 23 and 33, and a de- 
scription of the structure and operation is not provided. 
[01 55] In this embodiment the phases of the detection 
signals arranged in the same column are compared, and 
then error signals are detected using the obtained phase 
comparison signals. 

[0156] For example, the circuit unit 1350 includes a 
phase comparator 1 051 for comparing the phases of the 
detection signals a and d of the first and fourth light re- 
ceiving portions A and D arranged in a second column, 
a phase comparator 1053 for comparing the phases of 
the detection signals c and b of the third and second 
light receiving portions C and B arranged in a first col- 
umn, and an adder 1059 for subtracting the phase com- 
parison signals received from the phase comparators 
1051 and 1053. 

[0157] As previously mentioned, when the error sig- 
nals are detected by summing the phase comparison 
signals obtained by comparing the phases of the detec- 
tion signals of the light receiving portions arranged in 
the same column, although a high-density disk having 
narrow tracks is adopted, noise caused by crosstalk be- 
tween adjacent tracks can be reduced in detecting error 
signal. 

[0158] When a light spot traces along On-track posi- 
tions with operation of the tracking servo, the circuit unit 
1350 outputs a tilt error signal. As for the optical record- 
ing/reproducing system where no tilt error occurs, the 
error signal detection apparatus can be used for detect- 
ing a tracking error signal. The circuit unit 1350 illustrat- 
ed in the present embodiment may be modified in a sim- 
ilar manner to the various circuit units described in the 
previous embodiments. 

[01 59] Another embodiment of the error detection ap- 
paratus is shown in Figure 35. In the circuit unit 1350 of 
Figure 35, the sum of the detection signals b and d of 
the light receiving portions B and D arranged in one di- 
agonal direction is amplified by a predetermined gain 
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factor k. The phase of the amplified signal is compared 
with that of the sum of the detection signals a and c of 
the light receiving portions A and C arranged in the other 
diagonal direction, thereby detecting an error signal. In 

5 this case, the structure of the circuit portion 1350, and 
the detection of the error signal are similar to the circuit 
structure and detection method of Figure 27. Thus, like 
reference numerals are used to refer to like elements in 
Figure 27 and 35, and description of the structure and 

10 operation is not provided. 

[0160] As shown in Figure 36, the circuit unit 1350 of 
Figure 35 may further comprise a delay 1240 for delay- 
ing the detection signals c and d received by the light 
receiving portions C and D arranged in the same row, 

?5 for example, in the second row of the photodetector 300, 
and outputting the delayed signals c' and d\ In this case, 
the structure of the circuit unit 1350 including the delay 
1240, and the detection of the error signal are also sim- 
ilar to the circuit structure and detection method of Fig- 

20 ure 31. Thus, like reference numerals are used to refer 
to like elements in Figures 31 and 35, and a description 
of the structure and operation is not provided. 
[0161] The photodetector 1300 of Figures 33 through 
36 may be varied as shown in Figures 37 through 39. 

25 [0162] For example, as shown in Figure 37, first 
through fourth light receiving portions A', B\ C* and D' 
may be separated by a predetermined distance L1 only 
in the tangential direction, such that they receives a por- 
tion of the 0th order diffracted beam reflected and dif- 

30 fracted from the recording medium. Alternatively, as 
shown in Figure 38, the photodetector 1 300 may include 
first through fourth light receiving portions A", B", C" and 
D", which are separated by a predetermined distance 
L2 only in the radial direction. 

35 [0163] Here, the first and second light receiving por- 
tions A' and B* of Figure 37 correspond to the space be- 
tween the first and second light receiving portions A and 
B of the photodetector 1300 shown in Figures 33 
through 36, and the third and fourth light receiving por- 

40 tions C and D' of Figure 37 correspond to the space 
between the third and fourth light receiving portions C 
and D of the photodetector 1300 shown in Figures 33 
through 36. 

[0164] In a similar way, the first and fourth light receiv- 
es ing portions A" and D" of Figure 38 correspond to the 
space between the first and fourth light receiving por- 
tions A and D of Figures 33 through 36, and the second 
and third light receiving portions B" and C" of Figure 38 
correspond to the space between the second and third 
50 light receiving portions B and C of the photodetector 
1300 shown in Figures 33 through 36. 
[0165] The arrangement of the first through fourth 
light receiving portions A', B\ C and D' of Figure 37 can 
be obtained by separating the inner light receiving por- 
55 tions A2, B2, C2 and D2 of Figure 5 by a predetermined 
distance in the tangential direction, and removing the 
outer light receiving portions A1, B1, C1 and D1. The 
phase relationship between the detection signals a', b\ 
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c' and d' of the first through fourth light receiving portions 
A', B\ C and D' is similar to that between the detection 
signals a2, b2, c2 and d2 of the inner light receiving por- 
tions A2, B2, C2 and D2 of Figure 5. 
[0166] The phase relationship between the detection 5 
signals a", b", c" and d" of the first through fourth light 
receiving portions A", B", C" and D" shown in Figure 38 
is similar to that between the detection signals a1\ bV, 
cV and d1' of the inner light receiving portions A1\ B1' t 
C1'andD1'of Figure 24. 

[0167] The photodetector 1300 of Figures 37 and 38 
can be modified into a 8-section structure further includ- 
ing the four L-shaped portions outlined by the two-dot- 
and-dashed lines, such that the error signal detection 
apparatus can be used in detecting a reproduction sig- 
nal as wei! as error signals. 

[0168] The arrangement of the first through fourth 
light receiving portions A', B\ C and D' of Figure 37, and 
the first through fourth light receiving portions A", B", C" 
and D" of Figure 38 can be obtained by dividing the cor- 
responding L-shaped inner light receiving portions of 
Figure 33 in the radial and tangential directions, respec- 
tively, along the inner edges of the light receiving por- 
tions A, B, C and D of Figure 33. 
[01 69] As shown in Figure 39, the photodetector 1 300 
of the error signal detection apparatus according to the 
present invention may have a 16-section structure in- 
cluding all the light receiving portions shown in Figures 
33 through 38. For this case, the error detection per- 
formed with the first through fourth light receiving por- 
tions of Figures 33 through 38 can be achieved by se- 
lectively using the corresponding light receiving portions 
of the photodetector 1300 of Figure 39. The photode- 
tector 1300 with the 16-section structure can be used in 
detecting both a reproduction signal as well as error sig- 
nals. 

[0170] In the photodetector 1300 of Figures 33 
through 39, the distances L1 and/or L2 between the first 
through fourth light receiving portions in the radial and/ 
or tangential directions, respectively, are determined to 
be about 10-80% of the diameter of the 0th order dif- 
fracted beam reflected and diffracted from the recording 
medium. It is preferable that the distances L1 and/or L2 
are optimized in consideration of the track pitch, the 
width and length of pits on the recording medium, the 
numerical aperture (NA) of the objective lens, the wave- 
length of light emitted from the light source, tangential 
tilt, and the like. The error signal detection apparatuses 
for an optical recording/reproducing system, which were 
described with reference to Figures 33 and 39, can de- 
tect a radial tilt error signal and/or a tracking error signal. 
[0171] Unlike the photodetector 1 300 of Figure 39, the 
photodetector 1400 as shown in Figure 40 may include 
first through fourth light receiving portions A, B, C and 
D, which are arranged close to each other to receive the 
central portion of the 0th order diffracted beam reflected 
and diffracted from the recording medium. For this case, 
the phase relationship between the detection signals a, 



b, c and d of the first through fourth light receiving por- 
tions A, B, C and D is the same as that between the 
detection signals a, b, c and d of the inner light receiving 
portions shown in Figure 5 or 23. 
[0172] Alternatively, as shown in Figure 41, the pho- 
todetector 1 500 may include first through fourth light re- 
ceiving portions A, B, C and D, which are separated in 
the radial direction. For this case, the first through fourth 
light receiving portions A, B, C and D are approximately 
the same as the outer light receiving portions A1, B1, 
C1 and D1 shown in Figure 5 or 22. 
[0173] As shown in Figure 42, the photodetector 1600 
may include light receiving portions A, B, C and D ar- 
ranged separated by a predetermined distance in only 
the tangential direction. This arrangement of the light 
receiving portions A, B, C and D is similar to that of the 
outer light receiving portions A1\ B1\ Cl'and DVofthe 
photodetector 1000 shown in Figure 23. 
[0174] In the error detection apparatuses described 
in the previous embodiments, assuming that tilt error 
signals detected at +1° and -1° radial tilts with respect 
to a reference level on On-track positions are v1 and v2, 
respectively, it is preferable that the maximum value of 
I(v1-v2)/(v1+v2)| is 0.2 or less. 
[0175] Assuming that the tilt error signals detected at 
+1° and -1° radial tilts with respect to a reference level 
on Off-track positions are v3 and v4, respectively, it is 
preferable that the minimum absolute value of v1 or v2 
is about 30% of the value of v3 or v4. 
[0176] Asfora tracking errorsignal, assuming thatthe 
period of a channel clock of the optical recording/repro- 
ducing system is T, the average phase difference time 
is At, if the center of the light spot is off by 0.1 fim from 
the center of pit or mark stream recorded on the record- 
ing medium, the minimum value of At/T is about 0.5. 
[0177] Assuming that the positive maximum value of 
the tracking error signal is T1 and the negative maxi- 
mum value thereof is T2, it is preferable that the maxi- 
mum value of [(T1-T2)/(T1+T2)| is about 0.2. 
[0178] In the error signal detection apparatuses ac- 
cording to the present invention, the phase comparators 
selectively block or amplify the input signals according 
to frequency band, digitize the resultant signals, com- 
pare the phases of the digitized signal, and integrate the 
phase comparison signals, thereby outputting a tracking 
error signal. 

[0179] In the previous embodiments, an adder can be 
adopted at the nodes of two or more signals of the circuit 
units. 

[01 80] As for the error detection apparatuses with the 
circuit unit adopting a plurality of phase comparators, as 
shown in Figure 5, Figure 8, Figure 12, Figures 16 
through 20, Figures 23 through 26, Figure 30, and Fig- 
ures 33 through 34, the detection signals received by 
the diagonally opposite light receiving portions are input 
to each of the positive input ports of the phase compa- 
rators, and the phase comparison signals output from 
the comparators are summed, thereby detecting error 
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signals. However, the structure of the circuit unit is not 
limited to this structure. If the detection signals received 
by the light receiving portions arranged in the different 
diagonal directions are input to each of the positive ports 
of the phase comparators, the circuit unit may output 
error signals using a differential unit instead of the adder 
[0181] In the circuit units described in the previous 
embodiments, the adder may be a simple adder for sum- 
ming two or more input signals, or a summing amplifier. 
Also, the differential unit may be a simple subtracter for 
subtracting one input signal from the other input signal, 
or a differential amplifier. 

[0182] In the error signal detection apparatuses for an 
optical recording/reproducing system according to the 
present invention, the photodetector receives light with 
divided light receiving portions in consideration of the 
phase characteristics of incident light reflected and dif- 
fracted from a recording medium, to detect error signals. 
Thus, although a high-density disk with narrow tracks is 
adopted, a tilt error signal and/or a tracking error signal 
can be detected with increased accuracy and precision. 
[0183] In addition, use of a 8-section photodetector in 
4x 2 matrix, wherein the row direction of the matrix is 
parallel to the radial direction of the recording medium 
and the column direction is parallel to the tangential di- 
rection, ensures detection of a high-gain tracking error 
signal with reduced noise due to signal interference in 
the tangential direction. 

[0184] Furthermore, a circuit unit capable of delaying 
and amplifying the detection signals of certain light re- 
ceiving portions is employed, thereby reducing degra- 
dation of phase due to distortion of signal by variations 
in the depth of pits. Thus, even when the objective lens 
is shifted, a tracking error signal and/or tilt error signal - 
in particular, a radial tilt error signal, which are/is almost 
free from offset, can be detected. 
[0185] Therefore, when the error signal detection ap- 
paratus according to the present invention is adopted to 
an optical recording/reproducing system, tracking and/ 
or tilting can be more precisely controlled even for a 
high-density recording medium having narrow tracks. In 
particular, the error signal detection apparatus accord- 
ing to the present invention is very useful in an optical 
recording/reproducing system for ROM type media, and 
particularly, HD-DVD ROM type media. 
[0186] While this invention has been particularly 
shown and described with reference to preferred em- 
bodiments thereof, it will be understood by those skilled 
in the art that various changes in form and details may 
be made thereto without departing from the scope of the 
invention as defined by the appended claims. 
[0187] The reader's attention is directed to all papers 
and documents which are filed concurrently with or pre- 
vious to this specification in connection with this appli- 
cation and which are open to public inspection with this 
specification, and the contents of all such papers and 
documents are incorporated herein by reference. 
[0188] All of the features disclosed in this specifica- 



tion (including any accompanying claims, abstract and 
drawings), and/or all of the steps of any method or proc- 
ess so disclosed, may be combined in any combination, 
except combinations where at least some of such fea- 

5 tures and/or steps are mutually exclusive. 

[0189] Each feature disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ings), may be replaced by alternative features serving 
the same, equivalent or similar purpose, unless ex- 

10 pressly stated otherwise. Thus, unless expressly stated 
otherwise, each feature disclosed is one example only 
of a generic series of equivalent or similar features. 
[0190] The invention is not restricted to the details of 
the foregoing embodiments). The invention extend to 

75 any novel one, or any novel combination, of the features 
disclosed in this specification (including any accompa- 
nying claims, abstract and drawings), or to any novel 
one, or any novel combination, of the steps of any meth- 
od or process so disclosed. 

20 

Claims 

1. An error signal detection apparatus for an optical 

25 recording/reproducing system, comprising a photo- 
detector (30) for detecting an information signal by 
receiving light reflected and diffracted from a re- 
cording medium, and a circuit unit (50) for detecting 
an error signal by processing detection signals re- 

so ceived by the photodetector, the apparatus charac- 
terized in that when the direction of information 
stream recorded on the recording medium is de- 
fined as a tangential direction, and the direction per- 
pendicular to the information stream is defined as a 

35 radial direction, the photodetector (30) comprises 
eight light receiving portions (A1-D2) arranged in a 
2x4 matrix, to separately perform photoelectric con- 
version on light reflected and diffracted from the re- 
cording medium, wherein the row of the matrix is 

40 parallel to a direction corresponding to the radial di- 
rection of the recording medium, and the column of 
the matrix is parallel to a direction corresponding to 
the tangential direction, and the eight light receiving 
portions (A1-D2) include four inner light receiving 

45 portions (A2-D2) arranged at the center region of 
the photodetector, and four outer light receiving por- 
tions (A1-D1) arranged around the corresponding 
inner light receiving portions (A2-D2). 

50 2. The error signal detection apparatus of claim 1, 
wherein the circuit unit (50) compares the phases 
of the detection signals of the inner (A2,B2) and/or 
(A1.B1) outer light receiving portions arranged in 
the same row, and outputs a tilt error signal and/or 

55 tracking error signal from phase comparison sig- 
nals. 

3. The error signal detection apparatus of claim 1 or 
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2, wherein the circuit unit comprises: 

a first phase comparator (159) for comparing 
the phases of the detection signals of the two 
inner (A2,B2) or outer (A1,B1) light receiving 5 
portions arranged in the first row of the matrix, 
and outputting a phase comparison signal; 

a second phase comparator (159) for compar- 
ing the phases of the detection signals of the 10 
remainder two inner (C2,D2) or outer (C1,D1) 
light receiving portions arranged in the second 
row of the matrix, and outputting a phase com- 
parison signal; and 

75 

an operator (455) for summing or subtracting 
the phase comparison signals from the first and 
second phase comparators. 

4. The error signal detection apparatus of claim 3, 20 
wherein the circuit unit further comprises delays 
(151a, 151b) for delaying the detection signals of 
two inner or outer light receiving portions arranged 

in the first or second row of the matrix, and output- 
ting the delayed signals to the first or second phase 25 
comparator, such that degradation of phase of the 
error signal due to a variation in depth of pits on the 
recording medium can be prevented. 

5. The error signal detection apparatus of claim 1 or so 
2, wherein the circuit unit comprises: 

a first phase comparator for comparing the 
phases of a first sum signal (a1+a2) of the de- 
tection signal received by one inner light receiv- 35 
ing portion (A2) arranged in the first row of the 
matrix and the detection signal received by the 
corresponding outer light receiving portion 
(A1), and a second sum signal (b1+b2) of the 
detection signal of the other inner light receiv- 40 
ing portion (B2) and the detection signal re- 
ceived by the corresponding outer light receiv- 
ing portion (B1); and 

a second phase comparator for comparing the 45 
phases of a third sum signal (c1+c2) of the de- 
tection signal received by one inner light receiv- 
ing portion (c2) arranged in the second row of 
the matrix and the detection signal received by 
the corresponding outer light receiving portion 50 
(c1), and afourth sum signal (d1+d2)ofthe de- 
tection signal of the other inner light receiving 
portion (D2) and the detection signal received 
by the corresponding outer light receiving por- 
tion (D1); and 55 

an operator for summing or subtracting the out- 
put signals from the first and second phase 



comparators. 

6. The error signal detection apparatus of claim 5, 
wherein the circuit unit further comprises gain con- 
trollers (155) for amplifying the detection signals re- 
ceived by the inner or outer light receiving portions 
by a predetermined gain factor so as to correct for 
a difference in the amplitudes of error signals de- 
tected using the detection signals received by the 
inner and outer light receiving portions. 

7. The error signal detection apparatus of any of 
claims 1 through 6, further comprising a detector 
(70) for detecting the envelope or a variation of cent- 
er value of the final signal output from the circuit unit 
according to relative tilting between an objective 
lens and the recording medium, to allow detection 
of a tilt error signal even when a tracking servo is 
not operated. 

8. The error signal detection apparatus of claim 1 , 
wherein the circuit unit (450) comprises: 

first and second phase comparators (51 ,53) for 
comparing the phases of the detection signals 
received by the two outer and inner light receiv- 
ing portions, respectively, arranged in the first 
row of the matrix, and outputting phase com- 
parison signals; 

third and fourth phase comparators (51 ,53) for 
comparing the phases of the detection signals 
received by the two outer and inner light receiv- 
ing portions, respectively, arranged in the sec- 
ond row of the matrix, and outputting phase 
comparison signals; 

a first operator (59) for summing or subtracting 
the phase comparison signals with respect to 
the detection signals received by the outer light 
receiving portions, which are output from the 
first and third phase comparators, and output- 
ting a first phase signal; 

a second operator (59) for summing or sub- 
tracting the phase comparison signals with re- 
spect to the detection signals received by the 
inner light receiving portions, which are output 
from the second and fourth phase comparators, 
and outputting a second phase signal; and 

a third operator (453) for subtracting or sum- 
ming the first and second phase signals from 
the first and second operators, and outputting 
the error signal. 

9. The error signal detection apparatus of claim 8, 
wherein the third operator (453) outputs a tilt error 
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signal, and the circuit unit further comprises a fourth 
operator (455) for outputting a tracking error signal 
by summing or subtracting the first and second 
phase signals, output from the first and second 
phase comparators. 

10. The error signal detection apparatus of any of 
claims 8 or 9, wherein the circuit unit further com- 
prises a gain controller (451) at the output end of 
the first or second operator (59), for amplifying the 
first or second phase signal by a predetermined 
gain factor, to correct for a difference in the ampli- 
tudes of the first and second phase signals output 
from the first and second operators. 

11. The error signal detection apparatus of claim 1, 
wherein the circuit unit amplifies the detection sig- 
nals received by the inner and/or outer light receiv- 
ing portions arranged in a first diagonal direction by 
a predetermined gain factor, compares the phase 
of the amplified signal with the phase of the detec- 
tion signals received by the inner and/or outer light 
receiving portions arranged in a second diagonal di- 
rection, and outputs a tilt error signal and/or tracking 
error signal from phase comparison signals. 

12. The error signal detection apparatus of claim 11, 
wherein the circuit unit (350) comprises: 

a gain controller (1 55) for amplifying the sum of 
the detection signals received by the inner or 
outer light receiving portions arranged in the 
first diagonal direction; and 



termined period of time the detection signal re- 
ceived by one of the inner or outer light receiv- 
ing portions arranged in one row in the second 
diagonal direction; and 

5 

a phase comparator (609) for comparing the 
phase of a first sum signal of the output signal 
of the first delay and the detection signal re- 
ceived by the inner or outer light receiving por- 

10 tion arranged in the other row in the first diag- 

onal direction, and the phase of a second sum 
signal of the output signal of the second delay 
and the detection signal received by the inner 
or outer light receiving portion arranged in the 

15 other row in the second diagonal direction, and 

outputting a phase comparison signal. 

15. The error signal detection apparatus of claim 14, 
wherein the circuit unit further comprises a gain 

20 controller (603) for amplifying the first or second 
sum signal by a predetermined gain factor 

16. The error signal detection apparatus of claim 11, 
wherein the circuit unit further comprises: 

25 

first and second gain controllers for amplifying 
a first sum signal of the detection signals re- 
ceived by the inner light receiving portions ar- 
ranged in the first diagonal direction, and a sec- 
30 ond sum signal of the detection signals re- 

ceived by the outer light receiving portions ar- 
ranged in the first diagonal direction, by a pre- 
determined gain factor, respectively; 



a phase comparator (159) for comparing the 
phase of the signal output from the gain con- 
troller, and the phase of the sum of the detec- 
tion signals of the inner or outer light receiving 
portions arranged in the second diagonal direc- 
tion, and outputting a phase comparison signal. 

13. The error signal detection apparatus of claim 12, 
wherein the circuit unit further comprises a delay 
(151 ) for delaying for a predetermined period of time 
one of the sums of the detection signals, to prevent 
degradation of phase of the error signal due to a 
difference in pit depth of the recording medium. 

14. The error signal detection apparatus of claim 11, 
wherein the circuit unit (600) comprises: 

a first delay (601) for delaying for a predeter- 
mined period of time the detection signal re- 
ceived by one of the inner or outer light receiv- 
ing portions arranged in one row in the first di- 
agonal direction; 

a second delay (601) for delaying for a prede- 



first and second phase comparators (159) for 
comparing the phase of a third sum signal of 
the detection signals received by the inner light 
receiving portions arranged in the second diag- 
onal direction and the phase of the output signal 
of the first gain controller; and the phase of a 
third sum signal of the detection signals re- 
ceived by the outer light receiving portions ar- 
ranged in the second diagonal direction and the 
phase of the output signal of the second gain 
controller, respectively, and outputting phase 
comparison signals; and 

a first operator (455)for subtracting or summing 
the phase comparison signals output from the 
first and second phase comparators, and out- 
putting the error signal. 

17. The error signal detection apparatus of claim 16, 
further comprising first and second delays (603) for 
delaying for a predetermined period of time the first 
and second sum signals, or the third and fourth sum 
signals, respectively. 
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18. The error signal detection apparatus of claim 16, 
wherein the circuit unit further comprises a third 
gain controller (605) at the output end of the first 
and/or second phase comparator, for amplifying the 
phase comparison signal from the first and/or sec- 
ond phase comparator by a predetermined gain fac- 
tor, to correct for a difference in the amplitudes of 
the phase comparison signals output from the first 
and second phase comparators according to a di- 
vision ratio of the inner and outer light receiving por- 
tions of the photodetector. 

19. The error signal detection apparatus of any of 
claims 16 through 18, wherein the first operator sub- 
tracts or sums the phase comparison signals output 
from the first and second phase comparators, and 
outputs a tilt error signal, and the circuit unit further 
comprises a second operator for summing or sub- 
tracting the phase comparison signals output from 
the first and second phase comparators, and out- 
putting a tracking error signal. 

20. The error signal detection apparatus of claim 11, 
wherein the circuit unit (600) comprises: 

first through fourth delays (601 ) for delaying for 
a predetermined period of time the detection 
signals received by the inner and outer light re- 
ceiving portions arranged in one row, respec- 
tively; 

first and second adders for summing the de- 
layed detection signals of the inner and outer 
light receiving portions arranged in the first di- 
agonal direction, and the detection signals re- 
ceived by the inner and outer light receiving 
portions in the other row in the first diagonal di- 
rection, and outputting first and second sum 
signals, respectively; 

third and fourth adders for summing the de- 
layed detection signals of the inner and outer 
light receiving portions arranged in the second 
diagonal direction, and the detection signals re- 
ceived by the inner and outer light receiving 
portions in the other row in the second diagonal 
direction, and outputting third and fourth sum 
signals, respectively; 

a first gain controller (605) for amplifying the 
sum of the first and second sum signals by a 
predetermined gain factor; and 

a phase comparator (609) for comparing the 
phase of the output signal of the first gain con- 
troller and the phase of the sum of the third and 
fourth sum signals. 



21. The error signal detection apparatus of claim 20, 
wherein the circuit unit further comprises a second 
gain controller (605) for amplifying the first or sec- 
ond sum signal by a predetermined gain factor. 

5 

22. The error signal detection apparatus of claim 11, 
wherein the circuit unit (550) comprises: 

a first phase comparator (159) for comparing 
10 the phase of the sum of the detection signals 

received by the outer light receiving portions ar- 
ranged in the first diagonal direction, and the 
phase of the sum of the detection signals re- 
ceived by the outer light receiving portions ar- 
15 ranged in the second diagonal direction, and 

outputting a phase comparison signal; 

a second phase comparator (159) for compar- 
ing the phase of the sum of the detection sig- 

20 nals received by the inner light receiving por- 

tions arranged in the first diagonal direction, 
and the phase of the sum of the detection sig- 
nals received by the inner light receiving por- 
tions arranged in the second diagonal direction, 

25 and outputting a phase comparison signal; and 

an operator (455) for summing or subtracting 
the phase comparison signals output from the 
first and second phase comparators. 

30 

23. The error signal detection apparatus of any of 
claims 1 to 22, wherein the inner light receiving por- 
tions of the photodetector are narrow in the radial 
direction and wide in the tangential direction, and 

35 the total width of the inner light receiving portions of 
the photodetector in the radial direction is deter- 
mined such that the inner light receiving portions re- 
ceive about 1 0 to 80% of a 0th order diffracted beam 
reflected and diffracted from the recording medium. 

40 

24. The error signal detection apparatus of claim 23, 
wherein the total width of the inner light receiving 
portions in the radial direction is determined such 
that the inner light receiving portions receive a por- 

45 tion of a 0th order diffracted beam reflected and dif- 
fracted from the recording medium, exclusive of the 
portions overlapping +1st order diffracted beams 
reflected and diffracted from the recording medium, 
or receive a portion of the 0th order diffracted beam 

50 overlapping both ±1 st order diffracted beams. 

25. The error signal detection apparatus of any of 
claims 11 to 22, further comprising a detector (70) 
for detecting the envelope or a variation of center 

55 value of the final signal output from the circuit unit 
according to relative tilting between an objective 
lens and the recording medium, to allow detection 
of a tilt error signal even when a tracking servo is 



21 



41 



EP 1 085 509 A2 



42 



not operated. 

26. The error signal detection apparatus of any of 
claims 1 through 25, and claims 7 and 8, wherein 
the inner light receiving portions of the photodetec- 5 
tor are narrow in the radial direction and wide in the 
tangential direction, and the total width of the inner 
light receiving portions of the photodetector in the 
radial direction is determined such that the inner 
light receiving portions receive about 10 to 80% of 
a 0th order diffracted beam reflected and diffracted 
from the recording medium. 

27. The error signal detection apparatus of claim 26, 
wherein the total width of the inner light receiving 
portions in the radial direction is determined such 
that the inner light receiving portions receive a por- 
tion of a 0th order diffracted beam reflected and dif- 
fracted from the recording medium, exclusive of the 
portions overlapping ±1st order diffracted beams 
reflected and diffracted from the recording medium, 
or receive a portion of the 0th order diffracted beam 
overlapping both ±lst order diffracted beams. 

28. An error signal detection apparatus for an optical 
recording/reproducing system, comprising a photo- 
detector (1300) for receiving light reflected and dif- 
fracted from a recording medium, and a circuit unit 
(1350) for detecting an error signal by processing 
detection signals received by the photodetector, the 
apparatus characterized in that when the direction 
of information stream recorded in the recording me- 
dium is defined as a tangential direction, and the 
direction perpendicular to the information stream is 
defined as a radial direction, the photodetector 
comprises first through fourth light receiving por- 
tions arranged counterclockwise in order in a 2 x 2 
matrix, to separately perform photoelectric conver- 
sion on light reflected and diffracted from the re- 
cording medium, wherein the row of the matrix is 
parallel to a direction corresponding to the radial di- 
rection of the recording medium, and the column of 
the matrix is parallel to a direction corresponding to 
the tangential direction; and the circuit unit (1350) 
compares the phases of the detection signals re- 
ceived by the light receiving portions arranged in the 
same row or column, and detects a tilt error signal 
and/or tracking error signal from phase detection 
signals. 

29. The error signal detection apparatus of claim 28, 
wherein the first through fourth light receiving por- 
tions are separated from each other by a distance 
L2 and/or a distance L1 in the direction correspond- 
ing to the radial and/or tangential direction, respec- 
tively. 

30. The error signal detection apparatus of claim 29, 



wherein the distance between the first through 
fourth light receiving portions separated in the di- 
rection corresponding to the radial and/or tangential 
direction is about 10 to 80% of the diameter of 0th 
order diffracted beam reflected and diffracted from 
the recording medium. 

31. The error signal detection apparatus of claim 28, 
wherein the first through fourth light receiving por- 
tions are arranged close to each other, such thatthe 
first through fourth light receiving portions receive 
the center region of 0th order diffracted beam re- 
flected and diffracted from the recording medium. 

32. The error signal detection apparatus of any of 
claims 28 through 31 , wherein the circuit unit com- 
prises: 

a first phase comparator (1051) for comparing 
the phases of the detection signals received by 
the first and second light receiving portion ar- 
ranged in one row of the matrix, or the first and 
fourth light receiving portions arranged in one 
column of the matrix, and outputting a phase 
comparison signal; 

a second phase comparator (1 053) for compar- 
ing the phases of the detection signals received 
by the third and fourth light receiving portions 
arranged in the other row of the matrix, or the 
second and third light receiving portions ar- 
ranged in the other column of the matrix, and 
outputting a phase comparison signal; and 

an operator (1059) for summing or subtracting 
the phase comparison signals output from the 
first and second phase comparators. 

33. The error signal detection apparatus of any of 
claims 28 through 32, wherein the photodetector 
(1300) has a 8-section structure by further compris- 
ing at least four light receiving portions inwards or 
outwards the first through fourth light receiving por- 
tions, and is used for detecting an information signal 
from the recording medium. 

34. An error signal detection apparatus for an optical 
recording/reproducing system, comprising a photo- 
detector for receiving light reflected and diffracted 
from a recording medium, and a circuit unit for de- 
tecting an error signal by processing detection sig- 
nals received by the photodetector, the apparatus 
characterized in that when the direction of informa- 
tion stream recorded in the recording medium is de- 
fined as a tangential direction, and the direction per- 
pendicular to the information stream is defined as a 
radial direction, the photodetector (1300) compris- 
es first through fourth light receiving portions ar- 
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ranged counterclockwise in order in a 2 x 2 matrix 
and separated by a predetermined distance in a di- 
rection corresponding to the radial direction, to sep- 
arately perform photoelectric conversion on light re- 
flected and diffracted from the recording medium, 5 
wherein the row of the matrix is parallel to the direc- 
tion corresponding to the radial direction of the re- 
cording medium, and the column of the matrix is 
parallel to a direction corresponding to the tangen- 
tial direction; and the circuit unit (1350) comprises: 

first and second delays (1240) for delaying the 
phases of the detection signals received by the 
first and second light receiving portions ar- 
ranged in one row of the matrix, respectively; 
and 

a phase comparator (1251) for comparing the 
phase of the sum of the delayed detection sig- 
nal of the first light receiving portion and the de- 
tection signal received by the diagonally oppo- 
site third light receiving portion, and the phase 
of the sum of the delayed detection signal of 
the second light receiving portion and the de- 
tection signal received by the diagonally oppo- 
site fourth light receiving portion. 

35. An error signal detection apparatus for an optical 
recording/reproducing system comprising a photo- 
detector for receiving light reflected and diffracted 
from a recording medium, and a circuit unit for de- 
tecting an error signal by processing detection sig- 
nals received by the photodetector, the apparatus 
characterized in that when the direction of informa- 
tion stream recorded in the recording medium is de- 
fined as a tangential direction, and the direction per- 
pendicular to the information stream is defined as a 
radial direction, the photodetector (1000) compris- 
es eight light receiving portions in a 4 x 2 matrix, to 
separately perform photoelectric conversion on 
light reflected and diffracted from the recording me- 
dium, wherein the row of the matrix is parallel to a 
direction corresponding to the radial direction, and 
the column of the matrix is parallel to a direction cor- 
responding to the tangential direction, and the eight 
light receiving portions include four inner light re- 
ceiving portions (A1'-D1') arranged at the center re- 
gion of the photodetector, and four outer light re- 
ceiving portions (A1-D1') arranged around the cor- 
responding inner light receiving portions; and the 
circuit unit (1050) compares the phases of the de- 
tection signals of the inner and/or outer light receiv- 
ing portions arranged in the same row, and outputs 
a tilt and/or tracking error signal from phase com- 
parison signals. 

36. The error signal detection apparatus of claim 35, 
wherein the circuit unit comprises: 



a first phase comparator (1051) for comparing 
the phases of the outer light receiving portions 
arranged in the first row, or the phases of the 
inner light receiving portions arranged in the 
second row, and outputting a phase compari- 
son signal; 

a second phase comparator (1053) for compar- 
ing the phases of the outer light receiving por- 
tions arranged in the fourth row, or the phases 
of the inner light receiving portions arranged in 
the third row, and outputting a phase compari- 
son signal; and 

an operator (1059) for summing or subtracting 
the phase comparison signals output from the 
first and second phase comparators, to output 
the tilt or tracking error signal. 

37. The error signal detection apparatus of claim 35, 
wherein the circuit unit comprises: 

first and second phase comparators 
(1051,1053) for comparing the phases of the 
detection signals received by the outer light re- 
ceiving portions arranged in the first row, and 
the phases of the detection signals received by 
the outer light receiving portions arranged in 
the fourth row, and outputting phase compari- 
son signals, respectively; 

third and fourth comparators (1151,1153) for 
comparing the phases of the detection signals 
received by the inner light receiving portions ar- 
ranged in the second row, and the phases of 
the detection signals received by the inner light 
receiving portions arranged in the third row, and 
outputting phase comparison signals, respec- 
tively; 

a first operator (1 059) for summing or subtract- 
ing the phase comparison signals from the first 
and second phase comparators, to detect a first 
error signal from the detection signals received 
by the outer light receiving portions; 

a second operator (1159) for summing or sub- 
tracting the phase comparison signals from the 
third and fourth phase comparators, to detect a 
second error signal from the detection signals 
received by the inner light receiving portions; 
and 

a third operator (1 060) for summing the first and 
second error signals output from the first and 
second operators, to output the tilt and or track- 
ing error signal. 
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38. The error signal detection apparatus of claim 37, 
wherein the third operator amplifies at least one of 
the first and second error signals output from the 
first and second operators by a predetermined gain 
factor, and sums the amplified error signal and the 5 
other error signal, to detect the tilt and/or tracking 
error signal. 

39. The error signal detection apparatus of claim 35, 
wherein the circuit unit comprises: 

a first operator (1 1 61 ) for amplifying the detec- 
tion signal received by one inner light receiving 
portion arranged in a first column by a prede- 
termined gain factor, and summing the ampli- 
fied signal and the detection signal received by 
the corresponding outer light receiving portion; 

a second operator (11 62) for amplifying the de- 
tection signal received by the other inner light 
receiving portion arranged in the first column 
by a predetermined gain factor, and summing 
the amplified signal and the detection signal re- 
ceived by the corresponding outer light receiv- 
ing portion; 

a third operator (1163) for amplifying the detec- 
tion signal received by one inner light receiving 
portion arranged in a second column by a pre- 
determined gain factor, and summing the am- 
plified signal and the detection signal received 
by the corresponding outer light receiving por- 
tion; 

a fourth operator (1164) for amplifying the de- 
tection signal received by the other inner light 
receiving portion arranged in the second col- 
umn by a predetermined gain factor, and sum- 
ming the amplified signal and the detection sig- 
nal received by the corresponding outer light re- 
ceiving portion; 

a first phase comparator (1165) for comparing 
the phases of the signals output from the first 
and third operators, and outputting a phase 
comparison signal; 

a second phase comparator (1167) for compar- 
ing the phases of the signals output from the 
second and fourth operators, and outputting a 
phase comparison signal; and 

a fifth operator (1169) for summing or subtract- 
ing the phase comparison signals output from 
the first and second phase comparators, to out- 
put the tilt and/or tracking error signal. 

40. An error signal detection apparatus for an optical 



recording/reproducing system, comprising a photo- 
detector for receiving light reflected and diffracted 
from a recording medium, and a circuit unit for de- 
tecting an error signal by processing detection sig- 
nals received by the photodetector, the apparatus 
characterized in that when the. direction of informa- 
tion stream recorded on the recording medium is 
defined as a tangential direction, and the direction 
perpendicular to the information stream is defined 
as a radial direction, the photodetector (1 000) com- 
prises eight light receiving portions in a 4 x 2 matrix, 
to separately perform photoelectric conversion on 
light reflected and diffracted from the recording me- 
dium, wherein the row of the matrix is parallel to a 
direction corresponding to the radial direction of the 
recording medium, and the column of the matrix is 
parallel to a direction corresponding to the tangen- 
tial direction, and the eight light receiving portions 
include four inner light receiving portions (A2-D2') 
arranged at the center region of the photodetector, 
and four outer light receiving portions (A1-D1') ar- 
ranged around the corresponding inner light receiv- 
ing portions; and the circuit unit (1250) amplifies the 
sum of the detection signals received by the inner 
and/or outer light receiving portions arranged in a 
first diagonal direction by a predetermined gain fac- 
tor, compares the phase of the amplified signal with 
the phase of the sum of the detection signals re- 
ceived by the inner and/or outer light receiving por- 
tions arranged in a second diagonal direction, to de- 
tect a tilt and/or tracking error signal. 

41. The error signal detection apparatus of claim 40, 
wherein the circuit unit (1250) comprises: 

an amplifier (1260) for amplifying the sum of the 
detection signals received by the outer or inner 
light receiving portions arranged in the first di- 
agonal direction; and 

a phase comparator (1251) for comparing the 
phase of the amplified signal and the phase of 
the sum of the detection signals received by the 
outer or inner light receiving portions arranged 
in the second diagonal direction, to detects the 
tilt and/or tracking error signal. 

42. The error signal detection apparatus of claim 41 , 
wherein the circuit unit further comprises delays for 
delaying for a predetermined period of time the de- 
tection signals received by the outer or inner light 
receiving portions arranged in one row, and the 
sums of the delayed signals and the detection sig- 
nals received by the inner or outer light receiving 
portion arranged in the other row are input to the 
amplifier and/or the phase comparator. 

43. The error signal detection apparatus of claim 40, 
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wherein the circuit unit comprises: 

a first amplifier for amplifying the sum of the de- 
tection signals received by the outer light re- 
ceiving portions arranged in the first diagonal 5 
direction by a predetermined gain factor; 

a second amplifier for amplifying the sum of the 
detection signals received by the inner light re- 
ceiving portions arranged in the first diagonal 10 
direction by a predetermined gain factor; 

a first phase comparator for comparing the 
phase of the output signal of the first amplifier 
and the phase of the sum of the detection sig- 
nals received by the outer light receiving por- 
tions arranged in the second diagonal direction, 
and outputting a phase comparison signal; 

a second phase comparator for comparing the 
phase of the output signal of the second ampli- 
fier and the phase of the sum of the detection 
signals received by the inner light receiving por- 
tions arranged in the second diagonal direction, 
and outputting a phase comparison signal; and 

an operator for summing or subtracting the 
phase comparison signals output from the first 
and second phase comparators, to output the 
tilt and/or tracking error signal. 

44. The error signal detection apparatus of claim 40, 
wherein the circuit unit comprises: 

delays for delaying for a predetermined period 
of time the detection signals received by the 
outer light receiving portions arranged in one 
row, and the corresponding inner light receiving 
portions, and outputting delayed signals; 

a first operator for receiving the delayed detec- 
tion signals for one inner light receiving portion 
and the corresponding outer light receiving por- 
tion, and the detection signals received by the 
diagonally opposite inner and outer light receiv- 
ing portions, amplifying the sum of the detection 
signals received by the inner light receiving por- 
tions by a predetermined gain factor, and sum- 
ming the amplified signal and the detection sig- 
nals received by the outer light receiving por- 
tions; 

a second operator for receiving the delayed de- 
tection signals for the other inner light receiving 
portion and the corresponding outer light re- 
ceiving portion, and the detection signals re- 
ceived by the diagonally opposite inner and out- 
er light receiving portions, amplifying the sum 



of the detection signals received by the inner 
light receiving portions by a predetermined gain 
factor, and summing the amplified signal and 
the detection signals received by the outer light 
receiving portions; 

an amplifier for amplifying the signal output 
from one of the first and second operators by a 
predetermined gain factor; and 

a phase comparator for comparing the phase 
of the output signal output from the other first 
or second operator and the phase of the output 
signal of the amplifier, to detect the tilt and/or 
tracking error signal. 

45. An error signal detection apparatus for an optical 
recording/reproducing system, comprising a photo- 
detector for receiving light reflected and diffracted 
from a recording medium, and a circuit unit for de- 
tecting an error signal by processing detection sig- 
nals received by the photodetector, the apparatus 
characterized in that when the direction of informa- 
tion stream recorded on the recording medium is 
defined as a tangential direction, and the direction 
perpendicular to the information stream is defined 
as a radial direction, the photodetector comprises 
first through fourth light receiving portions arranged 
counterclockwise in order in a 2 x 2 matrix, and 
separated in the radial and/or tangential direction, 
to separately perform photoelectric conversion on 
light reflected and diffracted from the recording me- 
dium, the first through fourth light receiving portions, 
wherein the row of the matrix is parallel to a direction 
corresponding to the radial direction of the record- 
ing medium, and the column of the matrix is parallel 
to a direction corresponding to the tangential direc- 
tion; and the circuit unit comprises: 

an amplifier for amplifying the sum of the de- 
tection signals received by the first and third 
light receiving portions arranged in a first diag- 
onal direction by a predetermined gain factor; 
and 

a phase comparator for comparing the phase 
of the output signal of the amplifier and the 
phase of the sum of the detection signals re- 
ceived by the second and forth light receiving 
portions arranged in a second diagonal direc- 
tion, to detect a tilt and/or tracking error signal. 

46. The error signal detection apparatus of claim 45, 
wherein the circuit unit further comprises delays for 
delaying for a predetermined period of time the de- 
tection signals received by the first and second light 
receiving portions arranged in the first row, and the 
sums of the delayed signals and the detection sig- 
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nals received by the third and fourth light receiving 
portions arranged in the second row are input to the 
amplifier and/or the phase comparator. 

47. The error signal detection apparatus of claim 45 or 
46, wherein the distance between the first through 
fourth light receiving portions separated in the di- 
rection corresponding to the radial and/or tangential 
direction is about 10 to 80% of the diameter of 0th 
order diffracted beam reflected and diffracted from 
the recording medium. 

48. The error signal detection apparatus of any preced- 
ing claim, wherein, when a tracking error signal is 
detected and the center of the light spot is off by 0.1 
urn from the center of information stream recorded 
on the recording medium, assuming that the period 
of a channel clock of the optical recording/reproduc- 
ing system is T, and the average phase difference 
time is At, the minimum value of At/T is about 0.5. 

49. The error signal detection apparatus of any preced- 
ing claim, wherein assuming that the positive max- 
imum value of the tracking error signal is T1 and the 
negative maximum value thereof is T2, the maxi- 
mum value of |(T1-T2)/(T1+T2)| is about 0.2. 

50. The error signal detection apparatus of any preced- 
ing claim, wherein assuming that tilt error signals 
detected at +1° and -1° radial tilts with respect to a 
reference level on On-track positions are v1 and v2, 
respectively, and tilt error signals detected at +1° 
and - 1° radial tilts with respect to a reference level 
on Off-track positions are v3 and v4, respectively, 
the maximum value of |(v1-v2)/(v1+v2)| is 0.2 or 
less, and the minimum absolute value of v1 or v2 is 
about 30% of the value of v3 or v4. 

51. An apparatus for detecting a reproduction signal 
with a photodetector having eight light receiving 
portions in a 2 x 4 matrix, four inner light receiving 
portions arranged at the center region of the photo- 
detector, and four outer light receiving portions ar- 
ranged around the corresponding inner light receiv- 
ing portions, wherein, when the direction of informa- 
tion stream recorded on the recording medium is 
defined as a tangential direction, and the direction 
perpendicular to the information stream is defined 
as a radial direction, the row of the matrix is parallel 
to a direction corresponding to the radial direction 
of the recording medium, and the column of the ma- 
trix is parallel to a direction corresponding to the tan- 
gential direction, the apparatus characterized by 
comprising: 

first through fourth delays for delaying a prede- 
termined period of time the detection signals re- 
ceived by the inner and outer light receiving 



portions, respectively, arranged in one row; 

a first adder for summing a delayed detection 
signal for one of the inner light receiving por- 
5 tions arranged in a first diagonal direction and 

the detection signal received by the other inner 
light receiving portion arranged in the first diag- 
onal direction, and outputting a first sum signal; 

10 a second adder for summing a delayed detec- 

tion signal for one of the outer light receiving 
portions arranged in the first diagonal direction 
and the detection signal received by the other 
outer light receiving portion arranged in the first 

15 diagonal direction, and outputting a second 

sum signal; 

a third adder for summing a delayed detection 
signal for one of the inner light receiving por- 
20 tions arranged in a second diagonal direction 

and the detection signal received by the other 
inner light receiving portion arranged in the sec- 
ond diagonal direction, and outputting a third 
sum signal; 

25 

a fourth adder for summing a delayed detection 
signal for one of the outer light receiving por- 
tions arranged in the second diagonal direction 
and the detection signal received by the other 
30 outer light receiving portion arranged in the 

second diagonal direction, and outputting a 
fourth sum signal; and 

a fifth adder for summing the first through forth 
35 sum signals and outputting the reproduction 

signal. 

52. The apparatus of claim 51, further comprising first 
and second amplifiers for amplifying the first and 

40 third sum signals, or the second and fourth sum sig- 
nals, respectively, by a predetermined gain factor. 

53. The apparatus of claim 52, wherein the sum of the 
gain factors for the first and second amplifiers is 

45 constant. 
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